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B-I-F Plastic Liner Simplifies Installation, Increases 

Dependability in Open Flow Metering of Wastes and Sewage! 

© Strong, lightweight . . . easy to install without special tools or 
crane equipment. Seamless . . . no special cements or sealing 
compounds required. Eliminates expensive forms. 

® Corrosion-proof . . . fiberglass reinforced polyester construction 


... high tolerance to submergence . . . handles fluids containing 
settleable solids. 


©@ Low head loss. . . high accuracy . . . precision molded for high 
dimensional stability. 

® Wide choice of sizes . . . discharge characteristics well established 
over range of flows from 10 gpm (3 in. size) to 210,000 gpm 
(8 ft. size). 

Single metering responsibility .. . B-I-F manufactures flume 
liners and compatible secondary instruments. 


Industries 


BUILDERS-PROVIDENCE * PROPORTIONEERS + OMEGA 


METERS * FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Request Bulletin 0141.20-1 for complete details. Write... 
B-I-F Industries, Inc., 368 Harris Avenue, Providence 1, R. I. 
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FLUSH KLEEN’ 


CLOG-PROOF SEWAGE PUMP . 


Grond Avenve Station, Downers Grove, Iil., 
Consoer Townsend & Associates, Engineers 


NUISANCE-FREE AND 
TROUBLE-FREE SEWAGE PUMPING 


FLUSH KLEEN Clog-Proof Sewage Pumps are trouble- 
free, nuisance-free units which meet today’s require- 
ments. They are designed to handle high solids loadings 
of wet strength paper products and ground garbage 
without clogging or interruption . . . and operate with 
smaller pumps and motors. Solids never reach the im- 


peller! 


TWO MAJOR DESIGN 
IMPROVEMENTS NOW AVAILABLE 


@ New FLO-THRU STRAINER 
OVER 13,000 FLUSH Permits greater solids loadings 
KLEEN INSTALLATIONS 

@ New BY-PASS FITTINGS 


FLUSH KLEEN OFFERS THESE ADVANTAGES Allows greater inflow capacity 


e Low Original Costs e Smaller Motors Permits pump selection based 


e@ Pumps Handle Clear Liquid Only e Smaller Pumps only on discharge capacity 


SOLIDS NEVER REACH THE IMPELLERI 


FOOD MACHINERY AND CHEMICAL CORPORATION 


Ml HYDRODYNAMICS DIVISION 


1008 CHICAGO PUMP 


622 DIVERSEY PARKWAY ¢ CHICAGO 14, ILLINOIS 
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Atlantas Planned Future 


WITH P.F.T. 


Auantans have their eyes on the future. They are not content with their 


tremendous industrial growth which has averaged 83 new industries per year for 


the past 12 years and being the first city in the deep South reaching one million 


population. They are looking forward to an expanding growth. Atlanta is expanding 
and modernizing their sewage treatment plants to meet future needs. 


The South River plant, one of Atlanta’s largest, was built in 1936. Sewage treatment 


equipment by P.F.T. was selected for this plant and has been an integral planned part 
of every expansion. 
WIEDEMAN AND SINGLETON, CONSULTING ENGINEERS of Atlanta 
designed each of the three additions to the South River plant. P.F.T. equipment 

at this plant is as follows— 


1936—2 P.F.T. 55’ Floating Covers, 4 P.F.T. 173’ Rotary Distributors. 1953—Added 
1 P.F.T. 55’ Floating Cover, 2 P.F.T. #500 Heater and Heat Exchanger Units with 
P.F.T. Gas Safe ty a juipment. 1959—Added 2 new P.F.T. high capacity Rotary 
Distributors Beds. 1960—Added 2 P.F.T. 100’ Floating Covers, 

ation Systems, 2 P.F.T. #1000 Heaters and Heat 
Exchanger Units, Su atant Selectors, Gauge Boards and Gas Safety Equipment. 


This is the first of Aulanta’s four sewage treatment plants to be enlarged in the 


comprehensive plans to prepare for the future. You'll be hearing more about P.F.T. 
in Adanta’s far-sighted program. 


P.F.T. Floating Covers and Rotary Distributors at Atlanta plant. 


waste treatment equipment exclusively since 1893 
PACIFIC FLUSH TANK CO. 
ele pgu4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


CHESTER, N.Y. © SAN MATEO, CALIF. © CHARLOTTE, N.C. «¢ JACKSONVILLE « DENVER 
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| NICHOLS “ROTO-PLUG"* SLUDGE CONCENTRATOR 


CUTS COST 3 WAYS 


it eliminates: 


1. Sludge Conditioning Chemicals. 


2. Expensive Chemical feeding & 
conditioning equipment. 


3. High filter media maintenance 
costs. 


The Roto-Plug accepts sludge “as is”, providing 
economical, safe, clean operation! 


Get the full Roto-Plug story—Write today for 4-page 
descriptive folder RP-100. 


“Equipment Development Corp. 


NICHOLS | Engineering & Research Corp. 


80 Pine Street, New York 5, New York F 
3513 N. Hovey Street, Indianapolis 18, ind. ¢ 1336 North Corolan Ave., Burlingame, Colif. 
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MOP 9—SEWER DESIGN AND CONSTRUCTION 


“Design and Construction of Sanitary and Storm 
Sewers,” issued in 1960 in cooperation with the 
American Society of Civil Engineers, is MOP 9 in the 
Federation “Manuals of Practice” series. 


Detailed coverage of project planning, investiga- 
tions, hydraulics, design, construction materials and 
methods, specifications, structural requirements of 
storm and sanitary sewers, and pumping stations are 
included in this illustrated, 283-page manual. 


A 1961 reprinting is now off the press with correc- 
; tions to several pages. For those with the 1960 
edition, a complimentary reprint of the corrected 
pages is available. This reprint can be cut apart 
é and pasted over the pages to be corrected. 


An order form is included on the Publications 
page in the back of this issue. The list price is $7.00 
postpaid when remittance is with order. For Fed- 
eration members the price is $3.50. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 


A 


MEMBER ASSOCIATIONS MEETINGS 


Association * Date Place 
Ohio June 14-16 Statler-Hilton Hotel, Cleveland 
ISP (England) June 19-2: srighton, England 
Pennsylvania Aug. Pennsylvania State University, State College 


New Zealand Aug. 28-2 Metro. Drain. Bd. Conf. Rm., Auckland, 
New Zealand 


Kentucky-Tennessee Sept. Brown Hotel, Louisville, Ky. 

Germany Sept. 12-16 Hamburg, Germany 

Georgia Sept. 20-2: Georgia Institute of Technology, Atlanta 
South Dakota Sept. 20-2: Sheraton Hotel, Rapid City 

Missouri Oct. 1-3 Kentwood Arms Hotel, Springfield 
North Dakota Oct. 4-6 Gladstone Hotel, Jamestown 

Canada Oct. 22-25 Hotel Mt. Royal, Montreal, Quebec, Canada 
Pacific Northwest Oct. 25-28 Hotel Winthrop, Tacoma, Wash. 

Florida Oct. 29-Nov. 1 Cherry Plaza Hotel, Orlando 

New England Nov. 1-% Northampton Hotel, Northampton, Mass. 
Nebraska Nov. 8-$ Hotel Lincoln, Lincoln 

South Carolina Nov. Richland County Health Center, Columbia 
North Carolina Nov. 13-1: George Vanderbilt Hotel, Asheville 
Indiana Nov. 15- Hotel Washington, Indianapolis 


Oklahoma Nov. 27- Dee. Oklahoma State University, Stillwater 


* See preceding left-hand page for full name. 


THIRTY-FOURTH ANNUAL MEETING 


Water Pollution Control Federation 


Host—Central States Sewage and Industrial Wastes Association 
Milwaukee, Wisconsin 


Technical Meetings and Exhibits—Auditorium 
Hotel Headquarters—Schroeder 
October 8-12, 1961 
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FOR EFFICIENT PERFORMANCE 


CHOOSE INFILCO 


SEDIFLOTOR® clarifiers provide both sed- 
imentation and flotation in one compact 
unit. Where space is limited and high- 
rate production a must, this unit is ideal 
for removing both floatable materials and 
settleable solids. 

Bulletin 6051. 


The VORTAIR® aerator is an improved 
turbine type surface aerator offered for 
the atmospheric oxygenation of liquids 
in lagoons, ponds and basins. it may be 
mounted on columns, or on a float when 
the liquid level varies. This aerator has 
an oxygen transfer efficiency in excess 
of 4H/HP/Hr. 

Bulletin 6620 


SEWAGE TREATING EQUIPMENT 


AERO-ACCELATOR® activated siudge 
plants combine biological oxidation and 
clarification in a single compact unit. 
They provide efficient operation at high 
loadings, stability under shock condi- 
tions and low installed cost. Can be de- 
signed for complete treatment. 

Bulletin 6510. 


ACCELO-BIOX® activated sludge plants 
operate on the ‘‘total oxidation’ prin- 
ciple. One type of “ACCELO-BIOX” pliant 
uses atmospheric oxygen to sustain or- 
ganisms which purify the sewage. This 
plant is recommended for small commu- 
nities, sub-divisions, motels and similar 


projects. 
Bulletin 6520 


INFILCO INC. 
General Offices 


Tucson, Arizona 


Field offices throughout the United States and in other countries 


These are only a few of the products for 
sewage and waste treatment in the complete 
INFILCO line. Write for our condensed 


catalog and other bulletins. 


BIOSORPTION® activated sludge system 
saves space and reduces cost by treating 
sewage in about 5 hours with consistent 
removal of 90-95% BOD and suspended 
solids. Can be adapted to existing plants, 
thereby increasing capacity at low cost. 
Bulletin 6550. 


GRIDUCTOR® comminutors for sewage 
screening and cutting. Offer advantages 
of straight channel installation, pilus 
double-end adjustable cutter teeth which 
may be resharpened and realigned for 


longer effective life. 
Bulletin 5100. 
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Rugged, every inch 
of the way 


Cast iron pipe was made for tough jobs such as 
sewage disposal. It resists attack by sewage and 
sewage gases that require expensive linings in other 
types of pipe; it keeps sewage flowing smoothly. 

Cast iron pipe performs a tough job. It stands up 
to external and internal loads, shocks and pressures. 
Bottle-tight joints eliminate seepage and infiltration 
at the most vulnerable points of your system. 

Cast iron pipe is rugged every inch of the way 

. and will remain so for over a century. 


CAST IRON PIPE 


THE MARK OF PIPE THAT LASTS OVER 100 YEARS 


CAST IRON PIPE RESEARCH ASSOCIATION 
Thos. F. Wolfe, Managing Director 
3440 Prudential Plaza, Chicago 1, Illinois 
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“Sheks...it's so simple 
an’ easy we can all go fishin’ 
the rest of the day” 


} 


WATER, SEWERAGE 
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n the cket 
nitial stage of 
p allows gasket to 


gasket seat where it is 


easy does it 


Nothing like the new USIFLEX* Boltless Flexible 
Joint Pipe for underwater installations 
tuts, wrenches. Assembles fast 
t needed to move ball 
past self socket. Retainer ring Apply speci 
int 
Here's the new ar t > problem of laying 
economica 


eated gaske 


ready to be pushed 


underwater ily, profitably 


Call or write strated booklet 


senerai Office: & gha 


U.S. PIPE AND FOUNDRY COMPANY 


Alabama 


USIFLEX 


BOLTLESS FLEXIBLE JOINT* PIPE 


Lead lock completely inserted ir 
5 being caulked in place by hammer biows on 


@ wide caulking tron 


207a 
| 
Insert the gasket in it 
E Forming gasket loor 
3 1 seating Release 
“4 spring into the 
securely held 
4 
r4 
jsiflex jut the bal! 
face of in socket 
tion, ball 
é 
Bal! has bes keted Retainer ring lugs 
‘ ~ 3 have been lined up with recesses in bell 
4 : and retainer ring 1s ready to be moved into 
~ the bell and rotated 
: ~ wal 
~ 
- A Wholly integrated Producer from Mine After insert and rotation of retainer ring 
: and Blast Furnaces to Finished Pipe beli, the lugs on retainer ring are in back : 
4 f and register witt ternal flange seg 
st nents in bell Lead k 1S partially inserted 
: to recess between the bell and retainer ring 
4 
INDUSTRIAL SERVICE 


Logansport, Indiana, Sewage Treatment plant was designed 


by Henry B. Steeg and Associates, Indianapolis, Indiana. 


Cake Moistures Average 68.8% with 
£L£IMCOGELT, Filter at Logansport, Ind. 


Low cake moisture is only one of 
several ways this EimcoBelt continu- 
ous belt filter results in low costs de- 
watering a primary activated digested 
sludge at the Logansport, Indiana, 
Sewage Treatment plant. 

Other cost-cutting advantages of 
the 8-ft. diameter by 6-ft. EimcoBelt 
filter —- complete freedom from filter 
medium blinding ... high vacuums... 
low chemical costs . . . ability to dis- 
charge thin cakes .. . negligible main- 
tenance. Total sludge dewatering cos 


at Logansport — $9.80 per ton of dry 
cake. 

In dozens of other sewage treatment 
plants, too, EimcoBelt filters are set- 
ting new, high operating records, de- 
watering all types of sewage sludge. 

The Eimco representative in your 
area will be glad to sit down with you 
and your consultants and provide 
specific facts on how EimcoBelt filters 
can reduce costs in your plant. Call 
him, and write Eimco Filter Division, 
for Bulletin FJ-2053. 


Hy-Flow filter valve, 
developed by Eimco, 
eliminates all right 
angle bends in passages, 
resulting in the most 
effective use of 

vacuum. 
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High vacuum levels 
of 20-26-in. Hg. 
can be maintained 
across the face of the 
drum on EimcoBelt 
filters. Improved seal 
eliminates end leakage. 


EimcoBelt filters remove the belt filter medium from the drum continuously for cake 
discharge and cleaning. High velocity sprays wash the medium clean, front and back, 
riers it is returned to the drum. No fall-off in filtration rate caused by progressive 
inding. 


The £LIML ZG. corporation “Advanced Engineering and 


Head Office: Salt Lake City 10, Utah, U.S.A. Quality Craftsmanship 
Since 1884" 


Export Office: 52 South St., N.Y. 
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First and last it pays to make concrete plans for your community 
with the best possible medium for water transmission—CONCRETE 
PRESSURE PIPE. 
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Your community's future 


demands 


Why are so many communities turning to 
concrete pressure pipe for their main water 
lifeline of the future? Farsighted waterworks 
authorities recognize that the present critical 
demands, brought about by our recent popu- 
lation and industrial explosion, may easily be 
doubled within the next 25 years. 

They also recognize that, with concrete 
pressure pipe, plans for the future are laid on 
a solid foundation of an exceptional life span, 
minimum maintenance requirements and vir- 
tually no replacement costs. But most of all, 
their planning can be accurate, because con- 
crete pressure pipe’s initial high carrying 


CONCRETE PRESSURE 


planning 


capacity will remain unimpaired in years to 
come when demands on the line will be 
highest. 


WATER FOR GENERATIONS TO COME 


PIPE ASSOCIATION 


228 North LaSalle Street e Chicago 1, Illinois 
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PERFORMANCE-PROVED 


Trouble-free years of operation without replacement of major parts, 
with only routine maintenance, isn’t just a claim—C. H. Wheeler 
pumps are 40 years’ performance-proved on the job. (Pumps 
having higher capacities than those illustrated are available.) 


HORIZONTAL NON-CLOG PUMPS. 
Sewage disposal plants prefer 
these units for unscreened liquids, 
sewage. Non-clog impeller, ball 
bearings, renewable shock ab- 
sorber. Sizes: 3”—24”. Capaci- 
ties: 40-5000 gpm. Heads to 160 ft. 


AXIAL AND MIXED FLOW PUMPS, 
in horizontal and vertical designs, 
for flood control, primary water 
supply, industrial process work, 
drainage, etc. High-capacity, low- 
to-medium heads. Standard or 
pull-out construction. Sizes:8”— 
72”. Capacities: 5000-220 ,000 
gpm and over. 


VERTICAL NON-CLOG PUMPS 
in Open-Shaft and Sentry types 
for dry pit installations. Many 
engineering advancements bring 
higher pump efficiency, lower 
maintenance costs. Service, per- 
formance data and sizes same as 
Horizontal Non-Clog Pumps. 


NON-CLOG SUMP PUMPS for 
heavy-duty drainage, underpass 
service and sewage disposal. Idea! 
for industrial and municipal lift 
stations. These pumps have en- 
closed, non-clog impellers with 
wide waterways. Sizes: 3”—14”, 
Capacities: 20-4000 gpm at heads 
to 160 ft. 


VOLUTE PUMPS OF MIXED 
FLOW OR NON-CLOG DESIGN 
are ideal for many pumping appli- 
cations including: screened sew- 
age, for drainage, irrigation, flood 
control and industrial water sup- 
ply. Horizontal and vertical de- 
signs available. Sizes: 12”—48”. 
Capacities: 3000-100,000 gpm. 


C. H. WHEELER 
MFG. CO. 


19th & Lehigh Avenue 
Philadelphia 32, Pa. 


Affiliates: 


The GRISCOM-RUSSELL CO. 


KLIPFEL VALVES, INC. 


Centrifugal, Axial and Mixed 
Flow Pumps Ejectors 


THE C. H. WHEELER PUMP TESTING LABORATORY can 
test pump capacities of up to 150,000 gpm. Accurate scale 
models of water intake tunnel structures are built and tested in 
this laboratory. See your C. H. Wheeler representative or write 
direct to C. H. Wheeler for help with your problems. 


Steam Condensers - 
Marine Auxiliary Machinery - 
Nuclear Components 
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a cost-cutting Clay Pipe Joint that lab tests 


indicate will last as long as the pipe itself 


The secret’s in the joint—developed after years of research 
by the Clay Pipe Industry’s modern laboratory at Crystal Lake, 
Illinois. 


The joints are self-sealing, offering dramatic savings in 
installation time and trouble. Made of resilient materials, they 
are designed to resist corrosion from acids and gases, infiltration 
and exfiltration. 


Accelerated lab and field tests indicate these new joints will 
last as long as the pipe itself—giving engineers and contractors 
the new standard in high performance and trouble-free sanitary 
sewer lines. 

These revolutionary joints are now available on lifetime 
Vitrified Clay Pipe all over the country on sizes from 4 inches 
to 36 inches, in some areas, up to 42 inches. They are built to 
exceed rigid ASTM and other applicable standards. 


Send for full details on this installation cost-cutting research 
breakthrough. Find out how 


Research combines By clay’s long life with fastest jointing ever. 


COMPRESSION SEALED, VITRIFIED / 


PIPE 


THE STANDARD in SANITARY SEWERS 


1028 C ticut Ave., Washi , Cc. 


made compression joints on Clay Pipe. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 


Please send me full details on the new factory- 


(company) 
NATIONAL CLAY PIPE ox 


| 


MANUFACTURERS, INC. 
1028 Connecticut Avenue 


(street ‘oddress) 


| 
| 
| 
| 
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(city ond state) 


Washington 6, D.C. 
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George David, Superintendent of 
Sewage Treatment Plant, Canton, 
Ohio, teamed with Tom Enright of 
the Day & Maddock Co. to set up 
this efficient time-saving, money- 
saving sludge remover 


Recirculation and Cleaning Pump solves Canton Digester Problem 


Gorman-Rupp Sewage Pump cleans 
with no downtime and major savings 


Problem—To remove 7-years’ accumula- 
lation of sludge from 10 huge digesters. 
With mechanical shoveling devices, it cost 
$5000 to clean only one digester. And dur- 
ing cleaning, digester was totally inopera- 
tive for 6 weeks. 

Answer—A Gorman-Rupp Model 16A2-B 
Pump. Its unique action first agitates sludge 
into a common mixture by circulating 
digester liquid under pressure. Then, with 
valves reversed, pump draws off liquid and 
suspended solids for disposal. 


Result—Each digester could be cleaned in 
only 21 days. Only outlay is cost of 6”’ 


pump, electric motor, and labor of open- 
ing and closing 2 valves twice a day. 

4"’ and 6’’ pumps can be connected to 
your power or ordered complete with power 


units. Write for complete specifications. 


Fast Action End Plate. Releases for 
access to impeller and renewable 
wear plate. Impeller is 2-vane trash 
type that handles spherical solids 
up to 24” in diameter. 


THE GORMAN-RUPP COMPANY 
305 Bowman Street * Mansfield, Ohio 


Gorman-Rupp of Canada, Ltd., 
St. Thomas, Ontario 


— 
304a 

4 
q 
‘ 
¥ 

: 

3 

: 

>. 

ag 


JOURNAL WPCF 


Running coagulation tests in 
General Chemical’s Technical 
Service Laboratory to deter- 
mine alum dosage necessary 
for a water treatment problem. 


| 


| 


in CHEMICAL ALLIS 
Another difference, is TECHNICAL SERVICE 


As the country’s primary producer of 
aluminum sulfate, General Chemical 
constantly helps customers solve 
technical problems involving the use 
of alum. Results? Improved efficiency 
and reduced operating costs for them. 
Here are some of the services our 
Technical Service Department offers: 


e Supplying basic information help- 
ful in planning design and installa- 
tion of storing, pumping, metering 
and feeding facilities. 

e Suggesting improvements to elim- 
inate existing storing and handling 
problems. 

e Providing chemists and operators 
with physical and chemical data nec- 
essary for the most effective use of 
alum. 


Basic to 
America’s Progress 


e Assisting in laboratory tests and 
plant trials. 


e Running check analyses in our own 
laboratories. 


In water and sewage plants, our 
specialists provide valuable help and 
uidance on storage, handling and 
eeding problems, as well as the im- 
portant conversion from dry to liquid 
alum. They can help plant operators 
establish the best alum dosage. They 
recommend coagulation aids to im- 
prove flocculation in difficult water or 
waste treatment conditions. 


This kind of Technical Service is 
one of the reasons why General Chem- 
ical is a good company to do business 
with for your plant’s aluminum sulfate 
requirements. We will welcome the 
opportunity to serve you. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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CITY OF SALISBURY, MARYLAND, POLLUTION CONTROL PLANT 


Poxitar’ gives good service 
on trickling filters 


Mr. Carey White, Assistant Superintendent, checks one of his trickling filters (112-foot- 
diameter). Filters are painted with tough-service Poxitar. Reports Mr. George K. Miles, 
design engineer: “We sandblasted to bare metal to remove the earlier paint system 
completely. Then we put on two coats of Inertol Poxitar. Regular inspection shows that 
despite the difficult service involved, it is performing satisfactorily. After approximately 
one year’s service we are pleased with the protection Poxitar offers.” 


Poxitar, coal-tar epoxy, protects against 
constant submersion, chemicals, fumes 
and acids. It bonds exceptionally well. 
Poxitar contains an ample — not simply 
adequate — amount of epoxy resin. And 
only enough coal-tar pitch is added to 
balance theformulation. Poxitar is applied 
cold (do not heat). It gives fast, high-build 
protection; cures uniformly throughout 
the heavy film by polymerization. 


Poxitar is only one of the more than 100 
different coatings made by Inertol Com- 
pany. At Salisbury alone, Inertol No. 49 
Thick, Inertol No. 49, Inertol Standard 


Val CONSERVE WATER 


i= 


Thick, Glamortex®, Rustarmor®, Pon- 
kote®, Ramuc® Utility Enamel and their 
matched primers were used. 


There’s an informative bulletin on Poxitar 
—Bulletin S-600, giving specifications and 
other data. Write for it today. As always, 
our Technical Service Department will 
gladly cooperate in solving your painting 
problems, without cost or obligation. 


Inertol makes a complete line of quality 
coatings for pollution control, water and 
industrial wastes plants and swimming 
pools. 


INERTOL Co., INC. 


482 Frelinghuysen Avenue, Newark 12, N.J. 
27-H South Park, San Francisco 7, Cal. 
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“+> Strong, 
Steel Ca Durable, 


Economical 


Armco 
SMOOTH-FLO 
Provides 
Top Flow 
Capacity, 
Long 


New steels are 
born at 
Armco 


Service Life 


Armco SMOOTH-FLO® Sewer Pipe—corrugated galvanized steel with 
a smooth, centrifugally-applied bituminous lining that completely 
fills the inside corrugations — combines top flow characteristics with 
strength and abrasion resistance. For severe corrosive or flow con- 
ditions, lining and coating are bonded to the base metal by asbestos fibers. 
SMOOTH-FLO Structures, available in a wide range of lengths, 
gages and diameters, are flexible. They withstand heavy loads and 
shock without cracking, breaking or disjointing. Joints are 
watertight and defy separation by roots and frost action. 
See how Armco SMOOTH-FLO can meet your design requirements. 
Write Armco Drainage & Metal Products, Inc., subsidiary of 
Armco Steel Corporation, 6651 Curtis Street, Middletown, Ohio. 


? 
ARMCO Drainage & Metal Products 
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Superintendent 
Ralph Heiftmeister 

and son Robert quickly 

clean sewers at Village of River Hills, 
Wisconsin, with FLEXIBLE SeweRodeR 
mounted on FC-170 Jeep chassis. 


Now This Village Can Whip 


Any Sewer Emergency — FAST! 


With a population of 1257 and 20 miles of sewer 
to maintain, the Village of River Hills solved its 
problems with existing manpower. They chose the 
Flexible 61 SeweRodeR and have tripled cleaning 
capacity for preventive maintenance: the crew can 
clear a stoppage anywhere along the entire 20-mile 
sewer system in 30 minutes. Village, town or city— 
“Flexible” has the equipment to solve any sewer 
cleaning problem FAST and economically. 
Contact your Flexible Sales Engineer today. 
1961 FEATURES: 
« Now more positive rod drive for smoother operation 
« Economical 48” rods « 900 ft. reel capacity 


¢ 4 to 4,000 Ibs. controllable push-pull power 
e Instantly reversible. 


FLEXIBLE, Inc. 


415 SOUTH ZANGS BLVD., DALLAS, TEXAS 
3786 DURANGO AVE., LOS ANGELES 34, CALIF. » 1005 SPENCERVILLE ROAD, LIMA, OHIO 
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PUMP STATION 


the Ist 

PACKAGED PUMP STATION 
DESIGNED TO FIT 

THE EQUIPMENT 


MORE USEABLE FLOOR SPACE 


® More Room For Future Expansion of Pumping Units 
® More Room For Servicing of Equipment 


® More Room To Use Variable Speed Pumps To Match The Pump Capacity 
To The Rate of Sewage Inflow 


SUMP PUMP DISCHARGE 


we _ 


MANUFACTURING COMPANY 


Formerly TEX-VIT Supply Company 
P.O. BOX 117-3 MINERAL WELLS, TEXAS 
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This reinforced concrete sewer will be in service generations from now, because concrete 
surpasses all other materials. Most concrete sewers do not require protection, but when 
strong chemical effluents or oxidized H,S are a problem, only T-Lock AMER-PLATE pro- 
vides positive protection. T-LocK AMER-PLATE is a high molecular weight polyvinyl 
chloride sheet which is cast into the concrete during manufacture. 


T-Lock Amer-Plate meets all the requirements of the ideal sewer lining: 
T-Lock is extremely dense and impervious. Permanently protects concrete from chemical effluents 
and corrosion. 
T-Lock is permanently flexible. Tensile strength minimum is 200 psi; elongation at break 
is a minimum 200%. 
It is mechanically bonded to the pipe. Pull tests result in the breakage of concrete before T-Lock fails 
T-Lock withstands 40 psi back pressure, equal to a ground water head of 85 feet 
T-Lock has a smooth, highly abrasion resistant surface ... maintains its N factor of .010 indefinitely. 


There are no other materials — paints or troweled-on mastics, mortars, sacrificial aggre- > 
gates or admixes — which meet these vital requirements. 
Where protection is required, only T-Lock will do the job. Compromise methods are 
a gamble which experienced sewer designers will not take; they know it is money wasted 
to specify linings which will fail within a few years. 
Because T-Lock AMER-PLATE is the only completely satisfactory material on the 
market today, millions of square feet are now in use in cities throughout the nation. 


For a complete list of users and specifiers, 
plus technical data, write: 
CORPORATION _ Dept. SR, 4809 Firestone Bivd., South Gate, California 


921 Pitner Ave. 
Evanston, Ill. 


360 Carnegie Ave 
Kenilworth, N.J 


111 Colgate Ave. 
Buffalo, N.Y 


2404 Dennis St 


6530 Supply Row 
Jacksonville, Fla 


Houston, Tex. 
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HOMESTEAD LUBRICATED PLUG VALVES 


performance 
you 


can put your 
hand on 


HOMESTEAD VALVE MANUFACTURING COMPANY 
“Serving since 1892” 
P.O. Box 48, Coraopolis, Pennsylvania 


When you take the handle of a Homestead Lubri- 
cated Plug Valve, you know that positive low-cost 
fluid control is at your fingertips. This Homestead 
Valve is built to very close tolerance, vital to long, 
effective operation—two thousandths of an inch 
maximum tolerance on sizes up to 2” and three to 
five thousandths on larger sizes. Its controlled high 
pressure lubricant system guarantees complete 
coverage of sealing surfaces; protection against 
corrosion; no contamination of line fluids; and no- 
stick opening or closing thanks to the downward 
movement of plug during each lubrication. In short, 
you get performance you can count on with Home- 
stead Lubricated Plug Valves. Get the full story in 
Reference Book 39-1. Send for your free copy today. 


Makers of: Homestead Ball Valves ,Cam-Seald, Lever-Seald and Lubricated Plug Valves 
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KEY 
to 
37,000 JOURNAL Pages 
in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 
important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
R435 Wisconsin Avenue Washington 16, D.C. 
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Needham, Mass., Installs FIRST Plastic Sewer Main in U.S.A. 


E. A. Symonds, Needham Superin- 
tendent of Sewers, selected Evanite 
Plastic Sewer Main in 8-inch diam- 
eters, plus plastic fittings and 4-inch 
plastic house connections, after ex- 
tensive tests established Evanite as 
impervious to attack by chemicals 
found in sewage and industrial wastes. 
It was also determined that Evanite’s 
non-absorptive quality, as compared 
with existing sewer pipe materials, 
eliminates percolation through the 
walls, and has adequate crushing 
strength for sewer main service under 


city streets. 


Ease of installation also was a factor 
... Evanite can be cut with a saw 
and rejoined without further machin- 
ing or working. 


. Evanite Plastic Pipe is guaranteed for 50 years 


t 
90° ELL 45° CURVE COUPLING INCREASER ty 


is the only producer of large diameter plastic sewer 


DIVISION OF THE EVANS PIPE COMPANY 
LEESBURG, FLORIDA TELEPHONE: ST 7-1321 CARROLLTON, OHIO TELEPHONE: 68 
One of the nation’s largest producers of face brick, clay pipe, clay flue lining, wall coping, 
and related construction materials... with over 50 years of faster, friendlier service. 


RIGHT WITH EVANITE SEWER, GAS, WATER, IRRIGATION PIPE eva iso-1198 
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DESIGN MANUALS / 


“Sewage Treatment Plant 


¢ TREATMENT PLANT 
DESIGN 


Design,” 374 pages of the 
latest information for those 
interested in plant design. 


(WPCF MOP 8). 


¢ SEWER DESIGN AND 
CONSTRUCTION 


“Design and Construction of 


Sanitary and Storm Sewers,” the 


widely used sewer manual con- 


COMPANION VOLUMES 


taining 283 pages of comprehensive 


IN THE 


information, including more than 100 


illustrations. (WPCF MOP 9). 


FEDERATION 


MANUAL 
Each manual is offered to members at 


$3.50, and to others at $7.00. 


SERIES 


(Produced Jointly 
with ASCE) 


Bring your reference library up to date with 


the addition of these authoritative volumes. 


See Publications Page in this issue for other 


details and convenient order coupon. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D. C. 
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2,300 pounds of Everdur used in 
new 8-ton cast-iron sluice gate 


x 3” Everdur facing 
strips for gate leaf and 
frame. 


2 Everdur bolts and nuts. 


3 Everdur adjusting bolts for 
cast-bronze wedges. 


More than a ton of Everdur 
was used for facing strips and 
fastenings in this 8’ x 8" sluice 
gate leaf and frame assembly 
designed and furnished by the 
Coldwell-Wilcox Division of 
Krajewski-Pesant Mfg. Corp., 
New York City. Consulting 
engineers, Gannett Fleming 
Corddry & Carpenter, Inc., 
Harrisburg, Pa. 


This direct-pressure type sluice gate ability and weldability. Sewage treatment 
is one of two recently installed by and waterworks equipment of Everdur 
Empresa de Energia Electrica at the has been in service without replacement 
Quebradona Dam in Columbia, South for a quarter century and longer. 
America, to regulate the flow of potable Write for Publication E-11, “Everdur 
water to the city of Medellin. Copper-Silicon Alloys for Sewage Treat- 
The 100-foot head of water behind the ment and Waterworks Equipment” 
dam exerts 450,000 pounds pressure on 


or 
for technical help in selecting the correct 
each 8 x 8-foot gate. Everdur* (copper- material. Address: Anaconda American 
silicon alloy) was selected to seal against Brass Company, Waterbury 20, Conn. 

this load because of its high strength and Jn Canada: Anaconda American Brass 

e corrosion resistance—plus ready work- Limited, New Toronto, Ont. 


#Reg. U.S. Pat. Off 571 


571331 


EVERDUR Anaconda’s Family of Copper-Silicon Alloys 


ANACONDA AMERICAN BRASS COMPANY 


STRONG - WORKABLE + WELDABLE - CORROSION-RESISTANT 
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SEWAGE PLANT MODERNIZATION 


at Dixon State School, Ill. 


Recent improvements to this 20 year old institutional sewage treat- 
ment plant incorporate the principle of vacuum flotation for removal 
of grease laden waste. This addition augments the action of the old 
trickling filter, solves the problem of overloading and relieves a pre- 
viously obnoxious condition in the primary clarifier and the filter bed. 

The Dorrco Vacuator aids treatment by making a three-part separa- 
tion — grease and scum are floated to the surface of the totally enclosed 
Vacuator tank and discharged to the digester, grit is settled to tank 
sump for pumping to a Dorrco Grit Washer before final disposal, and 
the clarified effluent is sent to the trickling filter for secondary treat- 
ment. 

For information on this and other Dorr-Oliver equipment for mod- 
ern sewage treatment, write to Dorr-Oliver Incorporated, Stamford, 
Connecticut. 


Consulting Engineers:Crawford, Murphy & Tilly, Springfield, Il. 


Mechanical Contractors : Mechanical Constructors, Moline, Il. 


General Contractors: Linquist Construction Company, Dixon, Ill. 


DORR-OLIVEF 


WORLD-WIDE RESEARCH *¢ ENGINEERING * EQUIPMENT 
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A REVIEW OF THE LITERATURE OF 1960 
ON WASTEWATER AND WATER 
POLLUTION CONTROL 


Food Processing Wastes 
Canning 


Norgaard et al. (125) 
describes the use of both laboratory and 
small-seale pilot-plant treatment com- 
binations to study applicable processes 
to handle resulting from con- 
centration of the fruit canning indus- 
try at San Jose, California. 
to tidewaters of southeast 


A paper by 


Wastes 


Disposal 
San Fran- 
cisco Bay has been a problem for the 
past 50 The 
vestigated are: (a 


yr. basic processes in- 
anaerobie primary 
followed by activated sludge or high- 


rate filter secondary, ()) primary sedi- 


The authors 
of the 


Research Com- 
Pollution Control Fed- 


comprise the 
mittee Water 
eration, 

This second of three 
ture Re 


radioactive 


sections of the Litera- 
view covers industrial wastes, including 
wastes. Because of the extensive 


coverage, the industrial wastes section on 
radioactivity is referenced separately from the 
discussion of other industrial wastes. 

The first dealing 


section, 


with analytical 
methods was published in the 
Vay 1961 of Tuis Journau. The third 
section, on water pollution, will be published 
in the July 1961 


and sewade, 


ISSUE 


issue of THIS JOURNAL. 
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H. Heukelekian, Chairman, R. M. Manganelli, Vice-Chairman, 
T. A. Alspaugh, E. J. Berg, H. F. Clark, C. H. Connell, W. E. 
Dobbins, G. P. Edwards, M. B. Ettinger, D. G. Foulke, T. deS. 
Furman, P. E. Gaffney, 1. Gellman, H. G. Harding, J. D. Helwig, 
R. D. Hoak, R. S. Ingols, W. M. Ingram, P. W. Kabler, M. Katz, 
F. W. Kittrell, N. J. Lardieri, H. G. Luley, P. H. McGauhey, 
R. Porges, A. J. Steffen, C. Straub, C. M. Tarzwell, G. H. 
Teletzke, W. W. Towne, H. A. Trebler, E. C. Tsivoglou, E. 
Weisberg, and R. L. Woodward 


mentation plus high-rate filter second- 
ary, and (c) activated sludge with and 
without primary sedimentation. 

Dietz and Frodey (50) deseribe the 
experiences of waste disposal by a 
Michigan canner using spray irriga- 
tion. The paper aptly covers the im- 
portant aspect of this method of waste 
disposal, including the ground cover of 
grasses and trees. Also discussed is 
successful during winter 
months. 


spraying 


Another discussion of waste disposal 
by spray irrigation is presented by 
Monson (113). He states that the use 
of this method of waste disposal has 
increased from a few canners in 1948 
to an estimated 250 in 1957. 

Davis (46) tells of the use of oxida- 
tion ponds to solve the problem of 
treating wastes from the canning of 
citrus fruit in Texas. 

A paper by Skrinde and Dunstan 
(150) advises that the activated sludge 
when loaded 
vides the most efficient 
pea processing wastes. 


process, properly, pro- 
treatment of 
They also state 


that for satisfactory biological treat- 
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ment the addition of supplementary 
nitrogen and phosphorus is necessary. 
An article (3) tells of an Ohio city 
that outgrew the capacity of its sewage 
treatment plant which treated domestic 
sewage with the wastes of a pickle pack- 
ing plant. The pickle company then 
installed a small aerobic digestion plant 
to treat only their industrial wastes. 
Most of the sludge resulting from this 
treatment floats, 
skimming. 


Porges (135) 


and is removed by 
information 
on processes and wastes of manufactur- 
The paper not 
discuss waste treatment methods. 

In an effort to provide a standard- 
ized procedure so that the operation of 
various pilot plants by various investi- 


presents 


ing corn chips. does 


gators can be more uniform, Symons 
et al. (156) outline a procedure for the 
pilot plant determination of aerobic 
biological treatability of industrial 
wastes. The authors compare 
proposal to ‘Standard Methods’’ with 
the purpose that various data can then 
be compared. 

A paper by Ziemba (176 
a company campaign to make employ- 
ees waste-control The pro- 
gram was formulated for use at a 
brewery, but methods described are ap- 
plicable to all industry. 

An article (10) generally 
methods of waste disposal in the food 
processing industry in England. Also 
covered methods of treating re- 
claimed water for reuse with descrip- 
tions of the new 


their 


cdeseribes 


conscious. 


eovers 


are 


cooling and treating 

plant for can cooling water. 
Ammerman and DesRosier (1) 

cuss aerobic decomposition of 


dis- 
waste- 
water from tomato processing by aera- 
tion, by the addition of nitrates, or by 
spray irrigation without producing 
odors. 

Pahren and Saenz (1535) 
formation collected in Rica on 
the feasibility of treating wastewater 
from processing coffee cherries in stabi- 
lization ponds. 

Data are presented by Cyr (45) for 


outline in- 
Costa 
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amounts, properties, and pollution loads 
of wastewater resulting from the pres 
ervation of 
Canada. 


fruits in 
Treatment processes are de- 


vegetables and 
scribed and conditions of their use are 
discussed. 

A paper by Pailthorp (134) covers 
pilot plant work and evaluates color 
removal from beet waste using high- 
rate trickling filters when the waste is 
treated in conjunction with domestic 


sewage. 


Sugar 


Keller and Huekabay (S88) discuss 
the background, method of approach, 
and success that has been achieved in 
abating pollution in the Louisiana cane 
sugar industry. 

The polluting effects of sugar beet 
factory waste, methods of waste treat 
ment and legislation coneerning dis 
charge of these wastes to surface waters 
in France and Italy are discussed by 
Maldura and Vivier (102 

A paper by Bruckner (35) tells of 
the reuse of water and the sedimenta- 
tion of fluming and washing waters 
with special reference to sand removal. 

Zagrodski and 175 
the and 
waters 


Walerianezye 
reuse of 
after 
beet sugar factories. 


report on diffusion 


press fine sereening in 
The reuse of wastewater treated by 
the Landsberg system of circulation is 
recommended by Bulicek (37 
Votava (166 
of water economy in 


discusses the problems 
sugar beet fae 


tories. 


Dairy Wastes 


Graaf (68) deseribe 
measurement efforts 


in Holland and show important redue- 


and Baltjes 
waste saving and 


tions in waste below what was previ- 
ously considered standard losses (Wag- 
ner system Magnusson (99) also re- 
ports on the good waste-saving efforts 


in that country. Specifically he men- 


tions the possible saving of solids by 
sedimentation or centrifugation of but- 
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ter wash water. The solids are used 
for animal feed. 

The Dairy Institute in Kiel (169) 
has made another careful waste survey 
in a German dairy for one full week 
by installing water meters in all cool- 
ing water lines and by taking samples 
continuously in proportion to the flow 
in various waste lines. The immediate 
results of the survey were improved 


waste saving and better seasonal dis- 
tribution of certain activities, such as 
steaming of potatoes for cattle feed. 


The dairy discharges its waste to a 
stream (1.8 efs or 800 gpm in July) 
that flows 3,000 ft into a pond (5 acres) 
which for fishing. The daily 
load put on the stream by the dairy 
was equivalent to 2,000 population. 
20 mg | BOD 
at the point where the plant waste was 
discharged. 


is used 


The stream already hac 


The stream and the pond 
did a good purification job as the BOD 
at the outlet averaged about 10 mg/I. 
Still the installation of a 20,000-gal 
capacity flow equalizing tank at the 
dairy is recommended in order to even 
out the load. 

The University of Wisconsin group 
(93 revised 
irrigation. It is a 


has issued a report on 

valuable 
manual for installation and operation 
of this type of treatment which is very 
popular where conditions are suitable. 
Flynn (60) reports from Australia on 
treating daily up to 20,000 gal (Im- 
perial of and 
cheese whey plus 44,000 gal of wash- 
ings which are pumped to a 165,000-gal 
Sufficient river water is 
added so that the whey is diluted 1 : 5. 
The spray irrigated area is 34 acres of 
pasture 3 


spray 


combination casein 


reserve 


with 3 hydrants. Two 5-in. 


portable aluminum are moved 


whenever the field appears saturated. 


lines 


This keeps one man occupied almost 
full time in the flush season. The ir- 
rigation pump is 4-in., 50 hp. The 
main header (6-in.) is fibrolite pipe. 
Cattle raising is expected to pay for 
the installation and operation costs. 
Yerex (174) deseribes a spray irriga- 
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tion installation in New Zealand in 
connection with a 600 ton/yr casein 
factory. In the flush there are 16,000 
gpd (Imperial) of whey of which 6,000 
gal are returned to the farmers. The 
rest, together with wash waters, or a 
total of 27,000 gal are sprayed on 
pasture land. The total irrigated area 
is 70 acres with 15 hydrants. Fifteen 
sprays (45-ft radius) are moved daily. 
About 2.2 acres are sprayed each day, 
so it takes a month to make the cireuit. 
Fresh water follows the whey mixture 
so that everything is well rinsed at the 
end of the run. 

Graaf (67) describes several spray 
irrigation tests in Holland. The same 
tests are also discussed by Magnusson 
(99) who reports that the optimum 
quantity sprayed is 320,000 to 430,600 
gal/yr/acre. With this loading the 
phosphorus and potassium content of 
the soil increased some, but apparently 
not enough to do any harm. Grass out- 
put was increased by 50 to 100 per cent 
and by adding some nitrogen the out- 
put could be further increased. The 
character of the grass was not changed. 
However, by using 910,000 gal/yr acre 
grass was killed off in spots. The min- 
eral content of the grass was slightly 
changed toward higher sodium chlo- 
ride and lower potassium and mag- 
nesium, Cattle fed on the grass re- 
mained perfectly healthy. By over- 
loading the field, the ground became 
soggy and the animals muddy. Spray- 
ing was not practiced in the winter 
when direct discharge to the water- 
courses was permitted. Installation 
costs were relatively high because of 
the use of large collection basins capa- 
ble of holding a full day’s waste dur- 
ing the flush season. It appears that 
in some countries (Holland, New Zea- 
land, ete.), the trend is to use large 
reservoirs in order to even out the 
load and cut power demand by irrigat- 
ing when the milk plant is not in op- 
eration. In other countries (U.S.A., 
Germany, Sweden, ete.), small flow- 
equalizing tanks are preferred so that 


. 
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the waste can be applied as fresh as 
possible, the costs of construction and 
cleaning labor reduced, and the possi 
bilities of odor trouble minimized. 
Based on the work done at the East- 
ern Regional Laboratory and Pennsyl- 
vania State University, the Agricul- 
tural Research Service of the U. 8. 
Dept. of Agriculture (139) has issued 
a revised summarizing report on the 
treatment of dairy waste by aeration 
(modified activated sludge) 
theory and detailed recommendations 
for installation and operation of batch- 
type plants. Continuous operation is 
also mentioned but the com- 
pact plants of this type are not dis- 
McKinney and Schwinn (107) 
describe such a plant designed to treat 


covering 


low -COST 
cussed. 


8,700 gpd of a combination restaurant 
and ice cream plant waste averaging a 
BOD concentration of 550 mg/l or 40 
Ib/day. The treatment plant consists 
of a single concrete basin 10 ft 20 ft 
x10 ft deep. The aeration section 
with 35-hr retention is separated from 
the settling compartment by a sloping 
baffle. Air is supplied by a 90-efm 
blower through perforated steel diffuser 
pipes. An air lift 
the aeration side. The BOD removal 
is 90 to 95 per cent. No sludge is 
drawn off, but at some excess 
solids pass out with the effluent. Pre- 
sumably this is not objectionable since 
the aeration time is so lone that 


returns sludge to 


times 


any 
excess solids will have very low BOD. 
Thom and 159) report 
from Poland on laboratory and _pilot- 
plant studies of the activated sludge 
They 
investigated the effect of pH, tempera- 
ture, solids method of aera- 
tion, ete. They obtained 92-per cent 
reduction within 24 hr even with strong 
wastes. Ingram 
dairy waste disposal New 
York. Two of them trickling 
filters and two were lagoons with cir- 
culation. One of the aeration plants 
was of the batch type-(Copiaque, L. I. 
using suction jets. 


Glowacki 


process treating dairy wastes. 


content, 


investigated six 
plants in 
were 


Poor results were 


JOURNAL WPCF 


June 1961 


attributed to high pH (10.9 to 11.95) 
in the influent. It is not explained 
why this could not be 
mediately. 


corrected im- 
The other aeration plant 
(Horseheads, N. Y. 
tinuous type, using pressure jet aera 
tion. At the time of the survey, this 
plant showed only 64.4-per cent BOD 
reduction in spite of the fact that the 
BOD loading was only 124 lb/day in a 
plant that is designed for 320 lb/day. 
Apparently something that happened 
just prior to the survey, such as a dis- 


was of the con- 


charge of strong caustic, had something 
to do with the poor results. 

Gault (62) 
handling of a 


reports on the proper 
BOD load from 
dairy products accidentally discharged 
to a municipal activated sludge plant 
(Delta, Ohio, 2,400 population). When 
the accident occurred, the milk plant 
notified the municipal plant, which im- 
mediately increased the return sludge 
from 43 to 63 per cent and inereased 
the air supply to 2 eu ft/gal.  Al- 
though the DO in the effluent dropped 
temporarily from 2.6 to 0.3 mg/l, it 


was back to 2.2 mg 


shock 


| in 5 days. 

Viehl (165) describes a ring-shaped 
canal type of activated sludge plant, 
aerated with a Kafig brush in 
The canal is 3.3 ft deep and 15 
ft wide at the top and has a useful ¢a- 
pacity of 80,000 gal. It was treating 
the waste from a village of 1,000 people 
plus a slaughterhouse and a milk plant 
(butter and The overflow 
passed into a settling basin. The raw 
waste flow was equalized to avoid shock 
Due to the long 
purification very 
good in spite of low oxygen content. 


Exeess 


Ger- 
many. 


cheese 


loads on the system. 


aeration time, was 


sludge was removed periodi- 
cally to a thickener. The partially de- 
watered sludge was then spread on the 
fields. Magnusson (99 
similar experimental installations in 
Holland, which had 
operation since 1955. The oxidation 
ring canal was 3.3 ft wide, 3.3 ft deep, 
and 100 ft long, giving a capacity of 
7,900 gal. A brush aerator was used 


deseribes two 


one of been in 


; 
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for aeration and agitation. The raw 
waste entered just the brush. 
The outlet was on the side of the ring 
canal opposite to where the baffles were 
placed in such a way that the sludge 
was retained in the system. 


before 


Average 
BOD removal for one year’s operation 
was over 97 per cent, but the loading 
was only 8,700 to 13,000 gpd and con- 
tained 16 to 25 lb BOD/day. The 
sludge had excellent settling properties. 
At the time of the report, no excess 
sludge had been removed. There were 
some difficulties with sludge settling in 
the turns of the canal because of insuf- 
ficient velocity to keep the sludge in 
This 
In the second installation 
this difficulty was eliminated by using 
wider curves and higher velocity (0.2 
fps The new ring canal was about 
10 ft wide, 4 ft deep, and 210 ft long, 
giving a capacity of 64,000 gal. Aera- 
tion was provided with a Kessener 
brush. The immersed depth of the 
brush varied since this was not a con- 
The aerator was 
stopped and the sludge allowed to set- 
tle before the effluent was withdrawn. 
The average BOD load was 114 Ib day. 
In this installation the sludge did not 
settle as well as in the first one. Also 
the sludge volume was increasing and 
would ultimately 
The BOD 

The author 


suspension. was seraped loose 


once a day. 


tinuous operation. 


have to be redueed. 
removal was 98 per cent. 
warns that in colder 
mates freezing difficulties might be en- 
countered, 

A 1957 report by Morgan and Bau- 
mann (115) on two high 
rate recirculating trickling filters (one 
single-stage, the other two-stage) was 
missed in previous annual surveys. 
The results obtained were in line with 
what has been reported elsewhere for 
this type plant. 

Ingram (S81) 


successful 


deseribed two recireu- 
lating trickling filters, one operating 
as a single-stage batch ( East 
Aurora, N. Y.) with a 3,200-gal hold- 
ing tank and a square rock filter, with 
86.5 sq ft of surface and 6 ft deep. 


pre WESS 
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The liquid was pumped at 30 gpm or 
21.8 mgd /acre. this bottling 
plant was operating only every other 
day, the waste was recirculated from 
42 to 45 hr before the contents of the 
holding tank were emptied without 
settling. A grab sample from the ef- 
fluent showed 144 mg/l BOD. There 
were no sludge or odor problems and 
the treatment was apparently adequate 
under prevailing conditions. 


Since 


In a later 


report Ingram (82) describes pilot- 
plant experiments at another milk 
plant (Honeoye Falls, N. Y.) with a 


unit consisting of two columns, each 
with 4 2-ft ID 
cement resting on 


sections of asbestos- 
pipe 14-in. steel 
grates. The sections were joined tightly 
to each other and air blown in 
under each section (50 efm altogether). 
The filling material was 2!5-in. stone 
and the depth 21% ft 


Was 


in each section. 
There were provisions for varying liq- 
uid and air flow and_ recirculation 
rates. Results suggest that with raw 
waste BOD loadings of 20,000 to 30,000 
Ib/day/acre-ft (about 12 to 18 lb/eu 
yd) removal of about 74 of the BOD 
can be expected. Recirculation ap- 
peared to be of no benefit except to 
keep the filter wet when there was no 
waste to be treated. Because of vari- 
ous experimental difficulties, no runs 


were really continuous results 
fluctuated quite widely. 
Schulze (147) reports on experi- 


ments with a trickling filter made of 
vertically suspended wire grids and 
fed with city waste fortified with in- 
creasing amounts of whey. He found 
at constant hydraulic loads that the 
efficiency of the unit remained constant 
for organic loads up to 11 lb BOD ‘cu 
yd and the fraction of the BOD re- 
maining was proportional to the two- 
thirds power of the hydraulic load. He 
also presents an equation relating ef- 
ficiency to depth, hydraulic load, and 
temperature. It appears theoretically 
that recirculation does not improve the 
quality of the final effluent although in 
practice it may be beneficia] due to see- 


: 
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ondary factors such as more equalized 
load, better distribution, and reduced 
clogging. 
Wheatland (170 
tire dairy waste problem, showing the 
usual strong British preference for the 
alternating double trickling filter over 
recirculating high-rate trickling filters 
and modified activated sludge units. 
Relatively large flow equalization and 
primary settling tanks and two large 
humus tanks are used. As the BOD 
loading is kept down to 0.32 to 0.48 Ib 
day/cu yd the effluents are excellent. 
First cost of such an installation is 
relatively high and it takes a full-time 
employee to operate and keep the plant 
clean but power costs are low. In this 
paper which carried discussions, Bau- 


discusses the en- 


mann made the surprising statement 
that he visited 40 to 50 dairy waste 
treatment plants in the United States 
and found none that was satisfactory 
except those using trickling filters. 
Maloney et al. (103) studied the ef- 
fect of whey wastes on stabilization 
ponds in California. 
primary clarification 
sludge digestion with 


The system has 

and separate 
sludge drying 
beds. Three ponds covering 50 acres 
total are operated in parallel taking 
care of 18,000 population with a sew- 
age flow of 1.5 to 2 mgd. The sewage 
contained sulfides and about 3,000 mg/l 
sodium chloride. The city water had 
280 mg/l sulfate. Trouble was experi- 
enced with hydrogen sulfide odor and 
poor performance of the ponds. After 
much testing it was concluded that the 
trouble was, at least indirectly, due to 
the annual discharge of 11.5 million Ib 


of cottage cheese whey by a local dairy. 


Even so, the ponds were only receiving 
50 to 70 lb BOD /day/acre but over 
one-half of this load to the 
whey. When the dairy waste was di- 


was due 


verted elsewhere, the ponds improved. 
The addition of nitrate helped but did 
the trouble. large 
amounts of whey are tolerated by other 
oxidation ponds, it is probable that the 
difficulty was due to a combination of 


not cure Since 
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whey and high sulfate content in the 
water. 

As mentioned Ingram (81) 
investigated six dairy waste disposal 
plants, two of which had lagoon sys- 
One plant (East Aurora, N. Y. 
was making cheddar cheese daily from 
50,000 to 100,000 Ib of milk and mak- 
ing bottled milk and ice cream 
about 12,000 lb of milk. The whey 
was first sent to a storage tank to settle 


tems. 


from 


out the solids, then to a separator to re- 
move some residual fat, and then dis- 
charged to a disposal well. Any whey 
that the well did not went to 
the lagoons. All other washings and 
rinsings were also collected in a settling 
tank (which was cleaned once a week 
and the sediment hauled 
then pumped to the lagoon. No actual 
data available how much 
whey went each way but it was esti 
mated that 11,000 gpd whey and 12,000 
gpd of other wastes were discharged to 
At the beginning of the 
test, two lagoons were in use; at the 
third one had been added. <A 
pump was bringing 200 to 300 gpm of 
liquid in lagoon 2 back to lagoon 1 
through a fire nozzle. The BOD of the 
mixture fed to lagoon 1 was 4,500 mg /1. 
Composite samples from the lagoons 
did not indicate any BOD reduction, 
but that could have been due to much 
heavier loading before the test started. 
Spray irrigation had also been tried 
unsuccessfully at this plant. 
the sizes (not indicated) of either SYs- 
tem were quite insufficient for the load. 
The other plant (Arkport) made ice 
cream mix, sour cream, buttermilk, con- 
densed milk, and powder. The milk 
received averaged 359,000 lb daily for 
the year and during the flush season 
was about double that amount. The 
treatment plant consisted of 6 lagoons 
separated by low dams, 1 ft thick, 2 ft 
deep, and 28 ft wide (20-ft 
flow). There were 4 circulating pumps, 
each 500 gpm, 745 hp, each of which 
took waste from below 
sprayed it over the 


absorb 


away) and 


were about 


the lagoons. 


end a 


Obviously 


weir over 


and 
above. 


dam 


lagoon 
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Total area of the lagoons (735 x 30 ft) 
was about 14 acre. Maximum flow was 
Raw BOD in 
composite daily samples was 91 to 870 
mg 1. The total daily BOD load varied 
from 175 to 1,700 Ib/day. Final BOD 
at the outlet of the last lagoon was 0 
to 200 mg 1. The bottoms of the la- 
goons Were scraped at irregular inter- 
vals. The sludge appeared to be well 
did not 
have any objectionable odor; however, 


$25 gpm or 172,000 gpd. 


digested and drainable and 
there was appreciable odor from the 
sprays. Obviously, there was insuf- 
ficient treatment and 
insufficient aeration and tank capacity 
for an aeration plant. Still the plant 
did remove a great deal of BOD and 


area for lagoon 


the receiving stream was in excellent 
condition. 

Much development work is being 
done toward new uses of whey by 


purification, mixing, and fermentation, 
While whey utilization frequently be- 
comes a very important part of dairy 
waste disposal, it still be 
sidered as by-products utilization rather 
than waste disposal. Many references 
concerning this subject 
omitted. Some are listed below under 
additional references. 


must con- 


have been 


Additional References 


Anon., ‘*How Whey Solids Can Lift Your 
Profit Two Ways.’’ Food Engr., 32, 9, 92 
(1960), 

Anon., ‘*Rivella—A New Form of Whey 


Utilization.’’ Dairy Ind. 


(1960), 


(Brit.), 25, 113 


Soe. An., Treatment of 


Especially Milk Trade, Waste 


Fromageries Belge 


Fermentable, 


Waters.’’ Swiss Patent 311,809; Water 
Poll. Abs. (Brit.), 32, 2107 (1959). 
Laiterie des Fermiers Reunis Soe. An., 


‘<Treatment of Milk Trade Waste Waters.’? 
French Patent 1,113,376; Water Poll. Abs. 
(Brit.), 34, 317 (1961 
Wasserman, A. E., ‘* The Rapid Conversion of 
Whey to Yeast.’’ Dairy Engr. (Brit.), 77, 
374 (1960). 
Wasserman, A. E., and 


Utilization: 


Porges, N., 


Summary of 


Whey 
Laboratory In 
Proce. 


Conf., Purdue Univ., Ext. 


vestigations in Yeast Propagation. 


1éth Ind. Waste 


Ser, 104, 535 (1960). 
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White, J. C., ‘‘ Disposing of Dairy Wastes.’’ 
Amer. Milk. Rev., 22, 12, 38 (1960). 

Wix, P., and Woodbine, M., ‘* The Disposal 
and Utilization of Whey.’’ Dairy Sci. Abs. 
(Brit.), 20, 538, 622 (1958). 


Meat Packing and Poultry 
Processing Wastes 


Four years of operating data on a 
2-stage lagoon system (anaerobic-aero- 
bic) treating meat packing wastes at 
Moultrie, reported anony- 
mously (13) and by Sollo (151), show 
BOD of the raw waste 879 to 390 mg/1, 
anaerobic effluent 55 to 454 mg 1, and 
final (aerobic) effluent 40 to 127 mg/l. 
These semi-annual and 
were affected by some drop in efficiency 
when the anaerobie pond temperature 
dropped below 75°F. A second anaer- 
obie pond at Wilson, North Carolina, 
has been equipped with direct steam 
heating. The anaerobic lagoon is 14 ft 
deep at the center, with a total deten- 
tion of 6 days. The 19.2-acre aerobic 
lagoon is 3 ft deep with a detention pe- 
riod of 19 days. Sludge is recireulated 
from the bottom of the anaerobie pond 
to the influent, and the final effluent is 
recirculated to the influent end of the 
aerobic lagoon at a rate of about 2: 1. 

The first three months of operating 
data on the completed ‘‘anaerobie con- 
tact’’ plant treating meat packing 
wastes at Albert Lea, Minnesota (12), 
show the BOD of the anaerobic plant 
effluent averaged 123 mg 1 and the 
polishing oxidation lagoon effluent at 
19 mg/l, for an over-all reduction of 
98.5 per cent. The average digester 
BOD loading was 0.124 Ib/day ecu ft. 

Pilot-scale studies of alternative 
methods for sludge separation in the 


Georgia, 


are averages 


anaerobie contact process, treating meat 
packing wastes, reported by Steffen 
and Bedker (153), showed that vacuum 
degasifivation preceding sedimentation 
was most economical and efficient for 
the Albert Lea, Minnesota, plant where 
the studies were made. Degasification 
but 
sludge concentration was not improved, 


by aeration was also successful 
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About 0.1 cu ft of air was required per 
gallon of mixed liquor (digester efflu- 
ent) at 8- to 10-min detention in 
the aerator. Practical considerations, 
such as additional power requirements, 
safety hazards in methane 
into the atmosphere, possible odor prob- 
lems, and the the 
methane as a source of additional heat 
all contributed to the final 
Parallel versus series operations of two 
separators (sedimentation tanks) fol- 
lowing vacuum degasifiers yielded re- 
turn sludge at 16,000 mg/l suspended 
solids in parallel operation, versus 
14,600 mg/l from separator No. 1 and 
12,000 mg/l from No. 2. A study of 
pressurized air flotation as a solids re- 
covery method yielded effluents of 200 
to 220 mg/l at or below solids loadings 
of 88 Ib/day/sq ft of tank surface. 
Better effluents were obtained by the 
other methods studied but this method 
may prove useful when the anaerobic 


releasing 


loss of released 


decision. 


contact process is used as pretreatment 
before discharge to a 
municipal plant. 

A detailed in-plant 
study at a large meat packing plant 
(9) resulted in the following modifica- 
tions: (a) 


conventional! 


waste-saving 


discharge of hasher waters 
to a separate interceptor with 70-min 
detention, yielding a 25-per cent in 
crease in (b) recir- 
culating a portion of the effluent from 
the principal interceptors to the hasher 
sprays, yielding 750,000 gpd fiow re- 
duction; (c) recirculating the effluent 
from vibrating screens 


grease recovery ; 


used To 
centrate bottom sludge from grease in- 
terceptors) to the influent end of the 


grease interceptors increasing 


con- 


vrease 
recovery an additional 14 lb per ton of 
live weight kill. 


Fermentation, Chemical, and 
Pharmaceutical Wastes 


Howe (79) reviewed current status 
of pharmaceutical waste treatment, in- 
cluding those from antibiotic, steroid, 


vitamin, chemical, and antitoxin pro- 
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duction, and briefly described 10 waste 
treatment facilities in the industry. 
Ghose and Rao (63) found that ana- 
erobic fermentation periods of less than 
three weeks were sufficient for decom- 
position of distillery wastes resulting 
from cane sugar molasses aleohol fer- 
mentation. 
Eckenfelder 
studied 
and 


Bueltman (53 
waste 


and 
brewery bio-oxidation 
provided design parameters for 
the oxidation and secondary sedimenta- 
tion process steps. At BOD levels ex- 
150 mg/l, oxygen utilization 

100) meg/1/min/1,000 mg/] 
sludge solids were measured. 
tline overflow 


ceeding 
rates of 
set- 
1,100 to 2,500 
gpd/sq ft were observed along with 
compaction loadings of 0.03 to 0.05 sq 
ft/day, lb for production of 1-per cent 


rates of 


consistency secondary underflow. 
Howe Nicoles (S80) deseribed 
disposal of pathogenic, animal, antisera 
and antitoxin, and 
wastes veterinary 


and 


chemieal 
plant 
Pathogenic 
while toxic 
chromate and phenolic wastes receive 
conventional redox-type treatment be 
fore mixing with effluents 
for sedimentation, sludge digestion, and 
trickling filter treatment. 

(24 
for purification of Frasch process sul- 


toxic 
from and 
science research facilities. 


wastes are heat-sterilized, 


remaining 


Benkowitz patented a process 
fur mining effluents involving aeration 
in presence of serap iron to convert sul- 
fur compounds to ferrous sulfide, fol- 
lowed by further oxidation to ferric 
oxide and elemental sulfur. The re- 
sultant sludge is settled and reeyeled 
to provide further reaction surface. 
Specht two- 
stage process for removal of phosphate 


reported on a 


and fluoride from superphosphate pro- 
duction effluents containing 5,000 and 
1,700 mg of each, respectively. Sue- 
lime neutralization to 
7.0 with 2-stage 
duced an. effluent 
mg/l, respectively, of phosphate and 
fluoride. 
Baffa (22) 


cessive 3.5 and 


sedimentation pro- 


contaming O and 5 


outlined batch and con 
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tinuous flow neutralization basin design 
using four-compartment layout and pH 
controlled feed. Reecom- 
mended basin linings, construction ma- 


lime slurry 


terials, and slurry preparation meth- 
ods were reviewed as well. 

O’Shana (130) noted how techno- 
logical changes to powderless etching 
had adversely affected conventional 
limestone neutralization of photoen- 
graving wastes by causing oil coating 
of the marble chips. Use of soda ash 
in place of limestone was recommended 
to overcome this difficulty. 

Tatlock (158) described development 
and initial operation of an acidic and 
fatty waste treatment system consisting 
of lime neutralization, sedimentation, 
and sludge thickening with final dis- 
posal by hauling wet sludge to land fill. 
Treatment rendered effluent suitable 
for discharge into the Cincinnati sewer 
system without surcharge payment. 

Hickerson and MeMahon (76) re- 
ported on preliminary greenhouse stud- 
ies of irrigation disposal of lime lee 
and water column effluents from meth- 
anol and acetie acid production, respee- 
tively, by wood distillation. Neutral- 
ization with limestone and addition of 
mineral fertilizers permitted disposal 
of 0.05 in./day of 6,000-mg 1 BOD ef- 
fluent 
vegetation. 

Gill et al. (65) reviewed the receiv- 
ing water requirements established for 
a tetraethyl lead production unit which 
specified a lead content of less than 
0.05 mg 1, 0.5 mile from the outfall, 
and an increase of no more than 0.1 
mg/l per year in the bottom sediment 
on a 100-ft the outfall. 
Ferrous sulfate flocculation, neutraliza- 


over clover and fescue cover 


radius from 
tion, and sedimentation are employed 
for treatment of the effluent containing 
1k me/l-Pb and 600-mg/l BOD, fol- 
lowed by discharge through a multi- 
port diffuser outfall. 


Eustanee (57 deseribed  ¢laritloe- 


culation of 20-mgd photo industry 
waste followed by lime conditioned 


sludge filtration to 30-per cent solids 
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at a filter loading of 2 Ib/hr/sq ft. 
A multiple outlet diffuser is used to 
provide effective mixing 500 ft from 
shore in 20-ft water depth. 

Wilson (172) mentioned steps taken 
to control losses of ammonia and ni- 
trate nitrogen from a nitrogen fer- 
tilizer plant, including monoethanola- 
mine substitution for aqua ammonia in 
the hydrogen purification stage. 

Malaney (101) studied the ability of 
aniline acclimatized activated sludge to 
oxidize various aniline derivatives, such 
as phenylene diamine, toluidine, amino- 
phenol, chloroaniline and nitroaniline 
and nitrobenzene, amino benzene-sul- 
fonie acid, alkylamines, alkylanilines 
and benzenes, ete. The aniline aec- 
climatized sludge was shown to have a 
wide range of metabolic activity, al- 


though significant differences in oxi- 
dizability were noted. 

Ludzack and Ettinger (96) sum- 
marized available data regarding re- 
sistance to aerobic biochemical stabi- 
lization for several hundred organic 
compounds, including hydrocarbons, 
alcohols, phenolies, aldehydes, acids, 


esters, ethers, ketones, amino acids, ni- 
trogen compounds, vinyls, polyoxy, and 
surface active agents. Acclimation and 
cross-acclimation techniques and_ find- 
ings were reviewed and some gener- 
regarding the relation be- 
tween structure and biochemical avail- 
ability presented. 


alizations 


Giebler (64) discussed pretreatment 
required for denitro-o-cresol and hexa- 
chlorocyelohexane effluents from in- 
secticide production to prevent inter- 
ference with standard sewage treatment 
processes and to eliminate objectionable 
color. 

A description of an activated sludge 
installation for parathion waste treat- 
ment was described (5). Reduction in 
phenolic content of 90 to 98 per cent 
and to 90-per cent BOD reduction 
are obtained at conventional loadings. 
Oxidation is preceded by limestone neu- 
tralization and equalization. 

Mills (111) reported on pilot-scale 


. 
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trickling filter and activated sludge 
treatment studies on 2, 4-D production 
effluents, and found dichlorophenol to 
be less readily oxidized than phenol it- 
self. Deep well disposal of insecticide 
production effluents was begun at the 
Rocky Mountain Arsenal (8).  Col- 
loidal particles as small as 0.5 » are re- 
moved before injection into pre-Cam- 
brian formation at 11,400-ft depth. 
Geologie investigations preceding proc- 
ess selection are summarized 

Neas (122) treatment of 
viscose rayon including lime 
neutralization to pH 8 for zine re- 
moval, clarification at 3,000 gpd/sq ft, 
and difficult filtration of underflow to 
15-per cent solids at 0.5 lb/hr/sq ft. 
Further studies are being directed at 
improved sludge dewatering. 

Meinhold and Mandele (110) re- 
ported on submerged combustion treat- 
ment for removal of cyclohexane and 


deseribed 
wastes, 


toluene from organometallic processing 
effluents. Concentrated effluent then is 
neutralized and pressure filtered prior 
to lagooning and final discharge. 

(148) new in- 
cineration unit rated to handle 140 mil- 
lion Btu/hr of liquid tars and solid 
refuse, including 500,000 gal per 
month of still residues, waste solvents, 
and contaminated products. 


Sereu deseribed a 


Coal Wastes 


Raleigh (142) reported that Orsanco 
and the mining industry have 
reached an agreement on acid drainage 
controls. Sulfuritic material should 
sized to eliminate large ag 
gvregates, (b) stored at a site that would 
minimize ground water flow 


coal 


be: (a) 


through 


the refuse, (c) compacted thoroughly 
to minimize air flow, and (d 
with vegetated soil to eliminate surface 


covered 


Pollution abatement has been 
achieved at coal stripping operations 


erosion. 


by diversion of surface water ; covering 
coal measures not recoverable ; and seal 
ing exposed faces by backfilling. Such 


procedures are included in mining reg- 
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ulations in Pennsylvania and Ohio 
Hert (75) deseribed a weekly sampling 
program adopted by an Indiana coal 
company as a check on the effeets of the 
Ana- 
lytical data show that pollution from 
mine 


operation on receiving streams. 


drainage can be controlled by 
proper planning prior to opening a 
mine and by taking suitable steps when 
a mine The 
principal steps are diversion of surface 
water and sul- 
furitic material. from an 
anthracite washery is being recovered 
from a strip-mine lake by a floating 
dredge at MeAdoo, Pa. (7). The pit 
was formerly used as a disposal basin 
The machine pro- 
duces 150 cu yd/hr of material that is 
mostly <200 mesh ; it is especially valu 


is closed or abandoned. 


covering compacted 


Fine 


for the washery. 


able for boilers using pulverized fuel. 


By-Product Coke Wastes 


Nenich et al. (128 
eration of a biological dephenolization 
plant. They pointed out that sueccess- 
ful operation required an influent of 
constant flow and composition, absence 


deseribed the op 


of tars and oils, presence of some phos- 
phorus, temperature of 25 to 35°C, 
total ammonia below 2 g/l, and pH 7.2 
to 7.9. An influent containing 3 g/l of 
oil disrupted plant operation, and two 
oil separators The 
plant is operating at a feed rate of 18 
cu m/hr with 1,140 mg/1 of phenols, an 
air rate of 2,500 to 3,500 ecu m/hr, and 
0.5 kg superphosphate per cu m of in- 
fluent. 
effluent is used to quench coke. 
formation is given about the 
cal medium itself. Bringmann and 
Schroder (32) found that only 20 per 
cent of the phenols in wastewater from 
a plastics plant could be dissimilated 
in an activated sludge plant treating 
domestic sewage, and extraction 
were 


were hecessary. 


The 99.7-per cent dephenolized 
No in- 


biologi- 


proe- 


eSSeS similarly unsatisfactory 
Bringmann had shown that phenols up 
to 1,600 mg/l could be decomposed con- 


tinuously by a culture of Nocardia in 


ian 
te 
Ls 
~ 
at 
: 
| 
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an activated sludge process. Cyanide 
up to 60 did not interfere. A 
pure culture of Nocardia was developed 


me /] 


in a synthetic inorganie medium and 
used to inoculate a 3-cu m pilot ae- 
tivated sludge plant in which the or- 
ganisms were acclimated to increasing 
amounts of pure phenol. This plant 
destroyed 99 per cent of the added 
phenol at a concentration of 500 mg/I. 
A 400-cu m plant was then built and 
the 
sodium 


conditioned with 
There two 
waste streams from the plastics plant, 


organisms were 


phenolate. were 
one strongly basic and one quite acid. 
The streams were blended to provide a 
mixed liquor at pH 8.7 and an average 
phenol content of 10,000 mg 1. An 
equilibrium value of 300 to 400 mg/1 
The 


discharge from the secondary settling 


developed in the aeration tank. 


basin contained about 100 mg/l phenol, 
corresponding to a 99-per cent redue- 
tion. Dissimilation of phenol ranged 
from 0.6 to 0.9 kg/eu m of aeration 
capacity, equivalent to 240 to 360 kg/ 
day. 

Pankhurst (135) has made labora- 
tory and pilot-plant studies of biologi- 
cal oxidation of gas liquor with pure 
and mixed bacterial cultures. He 
found that mixed cultures grown on 
the spent liquor readily oxidized phe- 
nol, o-, m-, and p-eresols, eatechol, 3- 
and 4-methyl catechol, resorcinol, and 


2- and 4-methyl resorcinol; quinol, 
pyrogallol, and phloroglucinol were 
more resistant. Oxidation was most 


efficient at 380°C and pH 6.5 to 7.8. 
Pure cultures of five phenol-oxidizing 
organisms were isolated; copper con- 
centration above 1 mg/l inhibited both 
growth and phenol oxidation of one of 
these. 
monium thioevanate medium originally 
inoculated with Thiobacillus thiocyan- 
oxidans oxidized sodium and potassium 


Mixed cultures grown in an am- 


thioeyanates; thiocyanate oxidation 


was inhibited by chlorides above 5,000 
(but adaptation to 15,000 me/1 
and by phenol above 300 
mg/l. Mixed cultures grown on sodium 


Was possible 
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thiosulfate oxidized sodium tri- and 
tetrathionate, potassium penta- and 
hexathionate, and potassium and am- 


monium thiocyanate. It was concluded 
that a two-stage process, with the first 
for oxidation of phenols and the second 
for thiocyanate, would be best for com- 


plete treatment of gas liquor. Badger 
and Jackman (21) extracted mono- 


hydric phenols from gas liquor with 
tar oil prior to biological oxidation. 
They concluded that extraction, which 
would not remove polyhydrice phenols 
and thiocyanates, would reduce oxygen 
requirements appreciably but would not 
result in a decrease in the size of aera- 
tion tanks. 

It has been reported by Cotton (43) 
that high gas-liquor loadings reduce the 
efficiency of an activated sludge plant, 
owing to competition for oxygen by am- 
monia and synthetic detergents. In- 
adequate oxidation may affect activated 
sludge density and operation of final 
settling tanks. Graves (69) found that 
it is practical to oxidize phenols in 
wastewater from an oil refinery in an 
Imhoff tank-trickling filter plant treat- 
ing domestic sewage. The wastewater 
flows to the sanitary sewage and the 
treatment plant reduces the phenols 
about 88 per cent, to an average of 1.8 
mg |. It has been possible to destroy 
some 110 lb of phenolics per day at a 
flow rate of 70 gpm without affecting 
the oxidation capacity of the sewage 
treatment plant. Ludzack and Ettinger 
(96) tabulated data from the litera- 
ture on the aerobic dissimilation of a 
large number of compounds.  Tech- 
niques ranged from activated sludge to 
natura! river water. Oxidation rates 
varied widely. Benzene and its CH 
derivatives were oxidized only slightly 
in 14 days, but the presence of an OH 
group increased the oxidation rate at 


least 10-fold. In general, the latter 
group was broken down much more 


rapidly in river water than in other 
substrates. With suitable acclimatiza- 
tion, eyanides ean be oxidized almost 
completely on a trickling filter. 
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Phenols have long been blamed for 
malflavored steel 
making (89) re 


drinking water in 
districts. Kinney 
ported a field study showing that limit- 
ing phenol concentrations will not in- 
sure protection of a supply 
against tastes and odors. It was found 
that increasing a normal discharge of 
100 lb of phenol per day to 3,600 Ib/ 
day above a waterworks intake caused 
no trouble. 


water 


Taste and odor incidents 
were traced to cleanout of organics low 
in phenol but high in odor intensity 
and chlorine demand. 

Reid et al. (143) have studied de- 
struction of phenols on rotating drums, 
by biological filtration, and by the ae- 
tivated sludge They found 
that biological slime on a rotating drum 
can handle phenol concentrations up to 
7,000 mg/l, whereas trickling filters 
could handle 100 me/l and activated 
sludge 500 mg 1. Dierichs and Jaehn 
(49) investigated adsorption of eate- 
chol and its homologs on coke powder 


pre ICESS. 


and the catalytic conversion of phenols 
Their re 
sults indicated that adsorptive purifica 
tion of wastewater, from which phenols 
have been incompletely removed, can 


to water-insoluble polymers. 


be attained economically with coke or 
coal dust. 

Barker and Hollingsworth (23) re 
ported on an extensive study of ana- 
lytical methods for determination of 
monohydrie and dihydri¢ phenols. The 
improvements provide greater accuracy 
than previously possible for the high 
concentrations that occur in gas liquors. 
Faingol’d and Senkovskaya (58) pro- 
posed a method for determining naph 
thalene in wastewater from coke plants. 
The naphthalene is separated by filtra 
tion and distilled at 80 to 85°C into a 
solution of picrie acid. When distilla- 
tion is complete, the picrie acid is back 
titrated with 0.02 N sodium hydroxide. 


Petroleum Processing Wastes 


treatment of 
wastes continues to increase in 


Biological refinery 


areas 
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Where receiving water quality must be 
maintained high because of subsequent 
uses. Activated sludge was shown to 
be effective in removing 60 to 70 per 
cent of the synthetic detergents present 
in one refinery wastewater (145). Jung 
(85) found that treatment efficiencies 
were improved when an aerated iron 
hydroxide sludge preceded a_ typical 
activated sludge unit rather than con- 
ventional iron sulfate-lime coagulation. 
An animal-free growth developed in 
He failed, 


however, to compare removals against 


the iron hydroxide sludge. 


treatment 
Which this system closely approximates 


two-stage activated sludge 


Lagooning is receiving more = em- 
phasis in areas where adequate tem 
perature and land area are available. 
Van Heuvelen et al. (164 


over-all design, construction, and 


reviewed the 
Op- 
eration of lagoons which ineluded ap- 
Waste 


stabilization ponds were used in con- 


plications for refinery wastes. 


junction with activated sludge as re- 
ported by Gilliam and Anderegg (66 
Air flotation, a heretofore little used 
method, is receiving more attention by 
refiners. Roth et al. report on an &.8- 
mgd plant (144) to be completed in 
1961 which will be the largest installa 
tion of this process in the petroleum 
refining industry. Pilot plant data in 
dicate removal efficiencies of 90 to 95 
per cent for oil, 52 per cent for COD, 
and 74 per cent for suspended solids. 
Sherwood (149) reported 80-per cent 
oil removal by flotation. A theoretical 
flotation 
Stokes Law with applications to oil re- 
moval was given by Vrablik (167 
Emulsified oil 


discussion of air based on 


has always been 
troublesome to refiners. New informa- 
light on the influence 
of various types of solid particles in 


tion shedding 
helping stabilize emulsions was_ pre- 
sented by Mitkaley and Kozorezov 
(112). One plant reported that emul 
sion breaking consists of acid treating 
(91). Emel’yanov (55) reported ef 
fluent oil from 86 to 265 
mg/l to 19 to 57 mg/l by separate col- 


reductions 
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lection, treatment, and disposal of emul- 
sion sources. Coke and/or coal was 
shown to be capable of reducing oil 
levels to <5 mg/l (2). Coke worked 
equally well at both high and low in- 
fluent oil levels. 

Treatment and disposal methods for 
wastewater containing phenols have 
been studied extensively because phe- 
nolic compounds are considered a source 
of taste and odor problems in domestic 
water supplies. Biological systems 
such as activated sludge and trickling 
filters, are frequently used to reduce 
the phenolic content to acceptable dis- 
charge levels. Graves (70) reports an 
88-per cent phenol reduction in an Im- 
hoff tank, trickling filter, and secondary 
settling sewage treatment systems. The 
effluent contained less than 2 mg/I. 
High phenol levels and large variations 
in concentration, however, may be toxic 
to the biological system. Thus labora- 
tory and pilot plant evaluations of 
other treatment methods are frequently 
encountered. The ion exclusion method 
(48 has shown promise in conecen- 
trating petrochemical wastes contain- 
ing phenolics for ultimate recovery of 
the organic material but data were not 
presented for an economic comparison 
with other methods. A 99.9-per cent 
phenol recovery from a waste stream 
containing 5,000 mg/l phenol has been 
obtained by plant-seale organie solvent 
extractions using a continuous treat- 
ment method (72). Other efficient ex- 
traction systems include (83) the use 
of cottonseed oil, activated carbon, and 
chemically treated sawdust (100) and 
10-per cent butyl acetate solution which 
gave 97-per cent removal of a 6.88 g/1 
phenol waste (16). McRae et al. (109) 
reported on a system being used to 
keep accidental spills or leaks of large 
quantities of phenol from being dis- 
charged at high concentrations. A 
continuous phenol analyzer was de- 
veloped and is used to monitor the 
clean cooling water streams being dis- 
charged without treatment. When the 
phenol concentration exceeds a prede- 
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termined level, this stream is diverted 
to impounding tanks and it is then 
burned in phenolic wastewater inciner- 
ators. In this plant, incineration is 
more economical than flue-gas stripping 
and biological oxidation. 

Bramer (31) and Jusmann (86) 
have reviewed oil pollution problems 
and ways in which the wastes are re- 
duced or treated. Water conservation 
by in-plant processing changes are be- 
ing used to reduce the quantity of 
wastewater (19) (31) (33). Still an- 
other refiner conserves water by using 
the effluent from an activated sludge 
sewage treatment plant as raw water 
feed to their supply treatment plants 
(16). Several specific waste treatment 
schemes for refineries were reported 
(14) (33) (106) (146) (162) (163). 
Most schemes contain several treatment 
steps which differ from one plant to 
the next. The wide variation in the 
wastewater treatment methods em- 
ployed are generally based on the char- 
acteristics of the receiving stream or 
lake and the subsequent downstream 
use of the same water. Consequently, 
more emphasis is being placed on ade- 
quate stream and wastewater surveys 
as a part in planning waste treatment 
facilities and/or in-plant changes to 
reduce the wastewater flow (44). Co- 
operative industry-government pro- 
grams to determine pollution control 
needs are illustrated by McRae (108). 

The collection, treatment, and injee- 
tion of oil well brines into producing 
reservoirs to increase crude oil pro- 
duction were reviewed for a large east 
Texas oil field (116). Chemical treat- 
ment and control of biological activity 
are needed to prevent plugging of the 
pores in the producing rock. Again, 
in-plant operations can influence the 
degree of treatment needed. In Russia 
(136) it was indicated that automatic 
shutoffs on water drains and good 
maintenance of the mechanical equip- 
ment resulted in a large reduction in 
the oil content of oil-well brines. 
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Pickling and Acid Wastes 


A process for treating pickle liquor 
was patented in England (152 The 
liquor, with pH adjusted to 5 or higher, 
is treated in the presence of ammonia 
with a gas containing 8- to 25-per cent 
CQz, less than 4-per cent Ov, and less 
than 2-per cent SOs, by volume. The 
contact gas must be free from cyanides 
and sulfides. 
as ferrous 


The iron is precipitated 
carbonate ; filtered 
off and ammonium sulfate is recovered 
from the filtrate. (160 
ented a process in 
which a slight excess of an iron-free 
ammonium sulfate solution containing 
ammonia and CO, is added to pickle 
liquor to precipitate the iron as ferrous 
carbonate. The precipitate is filtered 
off and the filtrate is divided into two 
portions ; one portion is recycled to the 
process, and ammonium sulfate is erys- 
tallized from the other. 


this is 


Thomsen pat- 


somewhat similar 


A much more 
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complex process was patented by Col- 
lin et al. (41). 
which end 
similar to the above processes ; it differs 
from them in that it 


This is a 5-stage, cyclic 
process accomplishes an 
utilizes raw coke 
oven gas as a source of ammonia. 
Dembitz (47) described a 
claimed to be profitable for pickle liq- 
uor reclamation. Ferrous sulfate mon- 
ohydrate is crystallized from the spent 
liquor by concentration in a multiple 
effect evaporator. The sulfate is 
roasted to oxide and SO.; the 
latter is converted to 98-per cent sul- 
furic acid in a contact plant. It is 
estimated that the process will return 
a 10-per cent profit on the capital in- 
vestment. There many 
like this one, but none has yet been 
found to operate at a profit. An elec 


Was developed on 


pre 


are processes 


trolytie process (4 
a pilot scale for recovery of acid and 
The 


inefficiency of electrolytic deposition of 


iron from sulfate pickle liquor. 


iron from acid solution is overcome by 
separating the iron as a mereury amal- 
gam in a primary cell where acid is 
generated sulfate. The 
iron is plated out in a secondary cell 
where the pH can be controlled. 
cluding 


from ferrous 


Ex- 


amortization, the process is 
said to break even in terms of Austrian 
Lewis and Tye (94 


experimental studies of electrodialysis 


COSTS. deseribed 
of pickle liquor which provides a basis 
for computing the effect of power cost 
on treatment cost, for operating pro 
cedure, for eleetrode-membrane dis- 
tances, and for practical compositions 
of influent and effluent streams. 
eral 


sev- 
investigations of electrodialytic 
processes in the United States have in- 
dicated that they are feasible but eco- 
nomically unattractive. 

Wastes from pickling and brighten 
ing operations at a tube mill are treated 
for recovery of copper, zine, and chro- 
mium in a process deseribed by Bethel 
(25) and Bethel ef al. (26 Weak 
rinses are aerated in an earthen basin 
to equalize composition. Strong pick- 
ling and dichromate solutions are stored 
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in tanks. Hexavalent chromium is re- 
duced by treatment with sodium bi- 
sulfite. The 
bined with the rinse 
in a tank where lime 
the pH to 9.5. The sludge containing 
the metal hydroxides is stored in a la- 
Moran (114) stressed the ad- 
vantages of using phosphorie acid for 
pickling steel. 
erated by ion exchange. 
given. 


strong wastes are com- 
waters and mixed 


is added to raise 


foon, 


The acid ean be regen- 


No costs are 


Plating and Cyanide Wastes 


The consumption of water by the 
plating industry, although not as great 
as for some industries, is appreciable 
and the loss of chemicals in plating 
rinse be costly. At 
some point, depending primarily on 
geography, recovery of chemicals and 


wastewater can 


water savings justify water reuse and 
chemical This situation is 
developing in a number of areas as re- 
vealed by the 1960 literature. A rather 
comprehensive study (74) of the ex- 
tent of nickel and chromium losses in 


recovery. 


England also includes recommendations 
for control of The study 
was based on data from 42 firms. Con- 
sumption of anodes and salts is given 
for the plants. 
centage of 


such losses. 


Salts added as the per- 
ranged 
The amount of 
salts added is assumed to represent the 


anodes consumed 


from 1 to 85 per cent. 


nickel loss and to be equivalent to an 
increase of about 11 per cent of the 
nickel deposited (2,580 tons of nickel 
Only 13 per cent of the 
chromic acid is deposited on the work, 
67 per cent being lost by drag-out and 
20 per cent by spray formation. <A 
third section discusses water consump- 
tion (25 to 1,875 gal/lb of nickel) and 
means for reducing the amount used. 
The results of water management ap- 
plied to metal finishing as well as all 
operations at a large applianee (59) 
facility was reported to present a sav- 
ing of about $250,000 per year. The 
reuse of water at the plant of a wash- 


anodes 
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ing machine manufacturer is described 
(78) and the water consumption at a 
well-designed data-processing machine 
manufacturing plant (73) was reported 
on about one quarter the amount origi- 
nally expected. 

A Russian group has been concerned 
with the treatment of cyanide-bearing 
wastes. In one paper Lur’e and Panova 
(98) claimed that the extent of purifi- 
cation can be controlled by the simple 
procedure of maintaining 3 to 5 mg/I 
of chlorine in the effluent. If this con- 
dition is maintained, cyanide and com- 
plex cyanides such as copper and zine 
will be absent, although the very stable 
cyanide complexes such as ferricyanide 
may be present. A second paper (97) 
discusses the economics of the electro- 
chemical treatment of wastes con- 
taining 15 to 230 mg/l of eyanide. 
Diaphragm cells operated at room tem- 
perature at 1 to 6 amp/sq dm in pre- 
liminary runs with platinum, stainless 
steel, nickel, graphite, and magnetite 
showed promise. At 0.1 to 0.5 amp/sq 
dm the current efficiency was increased 
30 to 40 per cent, reducing the energy 
consumption to 0.01 to 0.02 kwhr g of 
cyanide. The presence of chloride ions 
increased the current efficiency to 60 
to SO per cent, lowering the cost to 
0.007 to 0.01 kwhr g of cyanide, and 
decreased the electrolysis time to 3 to 
hrs. 

Canan (39) proposes the use of flue 
gases to treat chromium 
stead of metabisulfite. Sulfur dioxide 
in powerhouse stack gases is used to 
reduce the hexavalent chromium by 
circulating the gases to a scrubber by 
means of a low pressure blower. About 
20,000 cu ft of flue gas at 250°F and 
5) in. pressure are required for each 
pound of chromie acid. The reduction 
process is followed by a precipitation 
step by lime or caustic soda. Kaeding 
and Trielglaff (87) report that a qua- 
ternary amine-polystyrene resin will 
absorb dichromate ions in preference 
to chloride or sulfate ions at a pH of 
2.2. The lower the pH the higher the 
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exchange capacity, but at a pH less 
than 3 the rate of oxidation of the 
resin is appreciable. The best over-all 
results are at a pl of 3.5 to 4.5 when 
the CrOs concentration is less than 800 
mg/l. Wiedmann (171) reported the 
use of ion-exchange to remove metallic 
ions from chromium baths and 
so that the drag-out can be re- 
turned to the bath and thereby reduce 
pollution. Three were studied 
with respect to loading, breakthrough, 
and elution. 

Erganian (56) reported on the effect 
of chromium plating wastes on a mu- 
nicipal treatment plant where a plat- 
ing facility contributed half of the 
total sewage flow med Diffi- 
culty was experienced with the opera- 
tion of the sewage plant on sewage con- 
taining 46 mg/l of chromium (total 
and 5.4 mg/l of cyanide. The plating 
plant improved its housekeeping and 
reduced the surface tension of the 
chromium bath with the result that 
the chromium and cyanide are not now 
interfering with operation. Much ana- 
lytical data are included in the paper. 

In another instance (19 
plant operational problems developed 
as the result of a copper cyanide bath 
being dumped into the Grand Rapids 
sewer. A fluffy sludge resulted which 
required stopping the sludge 
and continuing full through the 
aeration tanks until they were clear of 
activated floc. 

Moulton and Hanna (117) by means 
of a laboratory-scale pilot plant, utiliz- 
ing the activated sludge and 
synthetic sewage on a continuous flow 
system, simulated conventional treat- 
ment and determined the effect of vari- 
ous ions on the process. 
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At equilibrium 
shock dosages of nickel, copper, chro- 
mium, and cyanide were added for six- 
hour periods. There was a delay be- 
fore the full effect of the toxie 
stance realized. In the case of 
chromium, recovery occurs in about 48 
hr up to 6 mg/l, but 
centrations recovery is slower. 
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CN-Ni at 7.5 


at 22.5 


involving 
with Cr—-Cu 
made. 


mg/l along 
mg/l have 

The resulting regression equa 
for 


been 


tion these 


runs being pro 
grammed on an LBM 650 computer to 


are 


evaluate and correlate the direet and 

inner-etffects of these four ions. 
Livingstone (95) reviews the re- 

search work being carried out at the 


Stevenage Water Pollution Research 
Laboratory, including studies on the 
removal of cyanide by percolating fil- 
ters. Presently the pilot plant can 
handle 90 mg/l of HCN at the rate of 
700 gpd/cu yd for simple cyanides, but 
if mixed eyanides are present the HCN 
content must be reduced to 60 mg 1, the 
rate of flow to 150 gpd/cu yd and the 
pH should be 6.6. The 
must be above 10°C. 


temperature 


In an activated sludge system wherein 
eyanide was the only source of carbon 
and nitrogen, Nesbitt ef al. (124 
found that more than 99 per cent of 
the cyanide was metabolized and the 
About 


98 per cent of the cyanide-carbon was 


suspended solids maintained. 


converted to carbon dioxide and 75 to 
90 per cent of the evanide-nitrogen to 
ammonia, nitrate, and nitrite. 

Anwar et al. (20) and Byerrum ef 
al. (38) found no noticeable effeet on 
rats of cadmium at 0.1, 0.5, 2.5, and 10 
mg/l in drinking water, but the amount 
of cadmium in the liver and kidneys in 
creased over the year in proportion to 
the quantity ingested. Some patho- 
logical changes were noted in the kid- 
and livers of dogs subjeeted to 
drinking water 


neys 
containing 10 mg/l of 
cadmium. Dogs given 


ing 1, 5, 


water contain- 
10, 15, and 25 mg/I of chro- 
mate for a year showed no pathological 
changes. Up to the amount of 8 mg/1 
chromate appeared to be 
Studies on 


exereted. 
four 
years showed the chromium concentra- 


dogs extending over 
tion to be greater in the liver than in 
the kidneys or spleen, but even at 25 

pathological were 
Authors state that chromate in 


changes 


mg/l no 
noted. 
low concentration 


may even be neces- 
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sary for which were found to 


have greater longevity if fed chromate. 


rats, 
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Pulp and Paper Mill Wastes 
Stream Pollution 


The 19 papers delivered at the Pulp, 
Paper and Paperboard Industrial 
Waste Conference (140) have been re- 
produced. They cover many phases of 
pulp and paper industry waste treat- 
ment ineluding solids removal and dis- 
posal, BOD reduction, and the recovery 
of strong semichemical and sulfite liq- 
uors. the as- 
capacity of streams and 
aquatic biology are also included. A 
novel automatic ratio-controller system 
for effluent dilution in North Carolina 
is described by Bowers and Wells (30). 
The system protects the Catawba River 


Basie papers on waste 


similative 
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which is highly variable in flow due to 
upstream hydroelectric uses. 

A cooperative plant to biologically 
treat wastes from a paper mill at Luke, 
Md., and three adjoining communities, 
has recently been placed in operation 
(18). The activated sludge plant will 
treat 21 mgd, employs turbine aerators, 
and is designed for a 6.5-hr aeration 
period with a 40-per cent return sludge 
flow. A thickener and vacuum filter 
are being used to dewater waste sludge. 


Sulfite 


The major emphasis in the sulfite 
spent liquor field remains on chemical 
recovery and by-product processes. A 
thorough review (157) of the various 
recovery systems now in use or under 
development, including magnesia base, 
Sivola sodium-base, and Stora Koppar- 
berg, indicates that rapid progress is 
being made in finding suitable and eco- 
nomically feasible processes. 

There were reports of expansion of 
chemical by-product plants from sev- 
eral sulfite mills. New capacity was 
added at one plant (15) for products 
used in the manufacture of gypsum 
wallboard, dyestuffs, ceramics, refrac- 
tory brick, and linoleum cement. In 
another plant the residues from the 
operation producing ethyl alcohol from 
spent liquor are being processed for 
various products used in adhesives, 
cement dispersion, oil well drillings, 
ete. (17). 

The economies for furfural produe- 
tion from hardwood sulfite spent liquor 
are such as to make the process rela- 
tively unattractive unless some of the 
costs are charged to pollution abate- 
ment (137). Holderby and Moggio 
(77) diseuss the factors involved in 
growing yeast in spent sulfite liquor. 
Operating results for a torula yeast 
plant show a 60-per cent reduction in 
the BOD of the liquor with a 90-per 
cent removal of the sugar fraction. The 
fermentor removal is 3.26 lb BOD, 
day/cu ft, while the dry yeast cell 
yield is 0.63 lb/Ib BOD removed. A 
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process for the production of alcohol 
from spent liquor is claimed by Opder 
beck e¢ al. (128) which involves pH ad 
justment, addition of enzymes of fungi 
to bring about hydroly sis of the poly- 
saccharides, yeast fermentation, and 
distillation of the alcohol. Cirillo et al. 
(40) report a fermentation process for 
produeing edible mushroom mycelium 
using a liquid culture containing spent 
liquor. 

Several reports regarding the effect 
of biologically treated spent liquor on 
slime growth and aquatie organisins 
were issued during the year. Cormack 
and Ainberg (42) found a 75- to 93-per 
cent reduction in the weight of Sphae- 
rotilus natans growth when treated liq- 
uor was used over untreated liquor in 
The treat- 
ment process to which the liquor was 
subjected 
sludge high temperatures 
(56°C). The process was capable of 
removing 68 per cent of the BOD in 
12 hr at a loading of 2.4 lb BOD /day/ 
eu ft. Marezek Zielinski (105 
made microscopic investigations of the 


laboratory test channels. 


was a modified activated 


process at 


and 


fauna and flora in spent liquor under 


aeration. They conclude that biologi- 
cally treated sulfite liquor can be safely 
discharged to rivers or lakes. 

Where high dilution is available most 
of the year, storage of spent liquor dur- 
ing low flow periods and subsequent 
discharge at high flow 
satisfactory means of disposal. 


has proven a 
Bueh- 
ler (36) discusses experience with a 
liquor lagoon which resulted in a 43- 
per cent reduction in downstream BOD 
levels. Woodworth (173) reports that 
by use of a temperature controlled di- 
version system for spent liquor from 
the blowpits, it has been possible for 
one plant to reduce the flow of liquor 
from 8.0 to 4.65 gal/lb of BOD pumped, 
thus conserving lagoon volume. 


Kraft and Semichemical 


Australian 
efflu- 


The steps taken by an 


paper mill to meet the stringent 
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ent disposal requirements of the Vie 
toria Rivers and Water Supply Com 
Inission, are Stops and 
Agar (155). Burns (92) 
compare the use of diffusers and me 
chanical turbine aerators in the ae- 
tivated sludge plant at Luke, Maryland. 
The diffusion aerators originally used 


discussed by 


Laws and 


were found to be unsatisfactory due to 
scale buildup in the diffuser orifices. 
This was attributed to the high ealeium 
content of the A 40-per cent 
power saving resulted the 
substitution of turbine aerators for 
The turbine 
solve 1 lb of oxygen per 0.29 kwhr and 


Waste. 
has from 


diffusers. aerators dis 
no maintenance has been required in 
7 months of operation. 

The kraft effluents is not 
diminished by biological treatment. <A 
120) which 
color removal with the kraft 


eolor of 


new process integrates 
recovery 
process by using the lignin-containing 
lime sludge 


directly to reeausticize 


green liquor, has been shown to be 
Color removals greater than 
90 per cent and BOD removals of about 
45 per cent have been obtained in the 
laboratory. A method for recovering 
lignin from alkaline bleach effluents is 
claimed by Doughty and Cook (52 
The effluents are treated with alum to 
precipitate the chlorinated lignin and 
the precipitate recovered. 

Othmer for 
the and other 
lower fatty acids from spent pulping 
liquors, including black liquor from the 
kraft and neutral sulfite semichemical 


feasible. 


(131 claims a process 


recovery of acetie aeid 


A method of concentrating 
spent pulping liquors so that they have 
a sufficiently high 
maintain combustion is claimed by 
Flynt and Suda (61 The method in 
volves bringing the liquors from the 
pulp washers into direct contact with 
the hot the 
incineration of the concentrated liquor. 
that the method 
nomical and suitable for use by smaller 


pre PSSES, 


solids eontent to 


obtained from 


flue gases 
is eCO- 


It is claimed 


pulp mills. 
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Paper Mill 


The search for the elusive completely 
‘“‘closed’’ white water system for paper 
mills continues. Gummels (71) reports 
on the Pista and claims the 
process completely removes fibers and 
colloids from the white water, thus al- 
lowing full recirculation. 


consists of 


pre 


The process 

the white 
water with ferric sulfate and lime, and 
sedimentation. It would appear that 
the buildup would 
eventually become a problem necessitat- 


coagulation of 


dissolved solids 
ing the introduetion of fresh water at 
some point. 
retention of 


The importance of good 


stock on paper machine 
wires on subsequent saveall operation 
is discussed by Tifft (161 Proper 
use of retention aids may be a major 
factor in the control of white water 
losses. The Russel Separator is being 
used for recireulation of wash water 
and recovery of pulp fibers in the 


manufacture of molded-pulp articles 

11). This screening apparatus works 
on the principle of gyratory vibration 
in a horizontal plane and can treat up 
to 250 gpm. 

Refinements are continuously being 
made on recovery units in use in paper 
mills. Klebanoff and Bueltman (90) 
deseribe control systems for improving 
flotation These 
controls are concerned with maintain- 


saveall performance. 
ing constant pressure and flow and an 
automatic weir to insure uniform op- 
eration of sludge scraper blades. Quirk 
(141) found that 70 per cent of the 
total BOD of boardmill effluents was in 
state. Sedimentation 
riods of 60 to 90 min result in removals 


a dissolved pe- 
of 70 and 11 per cent, respectively, of 
the suspended solids and BOD of these 
effluents. 


ing iron and aluminum salts in dosages 


(hemical treatment employ- 


of about 100 me] and coagulation aids 


were required to obtain a maximum 
BOD removal of 30 per cent. 

(91 
handling the discharge of boardmill ef- 


Klinger reviews methods for 
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fluents for their reuse. Examples of 
both primary and secondary treatment 
plants are given. The biological treat- 
ment unit type is designed to treat 
14,600 Ib BOD daily and test runs 
have shown that removals of 89 to 96 
per cent can be achieved. Sludge 
thickening and digester facilities have 
been provided for disposal of excess 
activated sludge. 

The problem of the dewatering and 
disposal of solids resulting from the 
clarification of paper and pulp mill ef- 
fluents remains one of the more diffi- 
eult problems facing the industry. 
Nadelman and Newton (118) report on 
the chemical and physical character- 
istics of deinking sludge as related to 
the possible reuse of these solids in the 
deinking process or in other products. 
The utilization of modified sludge as 
filler for paper and rubber goods and 
as building material appears possible. 

It would appear that disposal rather 
than reuse of paper mill sludges will be 
the treatment of these materials in the 
foreseeable future. A review of the 
nature of the problem, research and de- 
velopment activities, and current meth- 
ods of sludge handling, are reviewed by 
Blosser (27). Data are given on sludge 
thickening, centrifuging, and filtration, 
and while there appears to be no uni- 
versally applicable solution to the dis- 
posal problem, maximum concentration 
of solids prior to dewatering is desira- 
ble in all cases. Field studies on the 
use of a conveyor type centrifuge in 
dewatering board mill waste solids 
showed that cake solids greater than 28 
per cent could be obtained at moderate 
flow rates (121). Preliminary esti- 
mates for dewatering low solids content 
sludge indicate a cost of $6.25 per ton 
of dry solids for the process, making it 
competitive with vacuum filtration. 
Tests (119) on a series of paper mill 
sludges have indicated that 
sludges could be handled in conven- 
tional sludge-burning equipment. The 
volume of ash produced from burning 


these 


. 
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has ranged from 48 to 81 per cent less 
than the volume of the initial sludge. 

Various types of biological oxidation 
processes are being used to reduce the 
BOD of pulp and paper mill wastes. A 
general review of oxidation lagoons is 
made by Blosser (28). More oxygen 
transfer by surface reaeration per unit 
of volume can be obtained by storing 
at shallow depths, preferably less than 
3 ft. The addition of nitrogen and 
phosphorus accelerates the rate of 
BOD removal as does the introduction 
of free oxygen by natural or mechani 
cal means. O’Conner and Eckenfelder 
(127) report that BOD removals up to 
80 per cent have been obtained on 
paper mill waste in aerated lagoons 
and conelude that this process affords 
an economical method of waste treat- 
ment where land is available. 

The use of plastic trickling filter 
media has been studied by Egan and 
Sandlin (54). Loadines to 750 Ib 
BOD/day/eu ft of hot well condensate 
plus miscellaneous wastewater from an 
integrated kraft mill were applied with- 
out impairing efficiency. Removals of 
approximately 50 per cent were ob- 
tained. At temperatures in the range 
of 45 to 60°C, a biota was developed 
which was able to reduce effectively 
the BOD of the waste. Waldmeyer 
(168) describes a small diffused air ae- 
tivated sludge plant in England. The 
effluent has a very low BOD (below 10 
mg/l) and an average suspended solids 
concentration (below 30 mg | 


Finally, a process is under develop- 
ment at the University of California 
(6) which may result in the elimination 
of waste effluents from chemical pulp- 


ing. In the process, wood chips, Ssaw- 
dust, and other logging residues are 
first treated with HNO, and NH,OH. 
The wastewater is neutralized by mix- 
ing and the solution distilled to remove 
excess NH,OH. The resultine neutral 
solution contains ammonium salts of 
organie acids and some residual HNOgs 
and can be used with or without con- 
centration as a fertilizer, 


Tannery Wastes 

An investigation of excessive in 
crustations in domestic sewers by Bolde 
and Rosenthal (29) indicated that this 
condition was due to untreated tannery 
wastes discharged to the sewers. It 
was found that the tannery waste with 
its high caustic lime content caused a 
calcium inerustation along the wet 
perimeter of the sewer below the tan- 
nery. This seale built up to almost an 
inch thick. Laboratory study indi 
cated that mixing the tan waste with 
the beamhouse waste and sewage re- 
sulted in precipitation of calcium plus 
iron and chromium very similar to the 
composition of the scale found in the 
sewers. Laboratory experiments also 
indicated that the tannery sewage mix- 
ture formed an appreciable amount of 
incrustation. 

It was found that treatment of the 
tannery waste with flue gas, redueing 
the pH to 9.0 or lower, would remove 
most of the calcium. 

The best results for the removal of 
calcium and the other metals can be 
expected when the beamhouse and tan 
waste are mixed and settled prior to 
the carbonation. Other experiments 
also indicated that practically no in- 
erustation occurred if the tannery 
waste was pretreated by carbonation, 
followed by settling, prior to mixing 
with the sewage. 

Jansky ef al. (S84) carried out a 
study on the effects of tannery waste 
in Czechoslovakia on the Drevnice 
River. Their study included chemieal, 
biological, and bacteriological methods. 
After a 30- to 175-fold dilution by the 
river water, 80 per cent of the sludge 
was removed by settling. No increase 
in BOD or alkalinity was noted after 
the tannery waste was in the river, only 
the brown colored tannins remained. 
At dilutions of 50- to 100-fold no de- 
crease was noted in the self-purification 
capacity of the river. The self-purifi- 
cation capacity of the river was esti- 
mated by determining the deoxygena- 
tion and reaeration constants AK, and 
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Ko. The authors advocate the use of 
K, and Kz to determine the intensity 
of the self-purification capacity of a 
river in each case where a treatment 
plant is contemplated to avoid build- 
ing unnecessary plants. 

Studies were made by Orlita and 
Svee (129) on dilutions at which these 
wastes were lethal, toxic, and harmless 
to three river organisms. In general, 
all the liquors except the lime wastes 
were harmless at small dilutions. Lime 
liquors required dilutions of up to 
200 to 1. The relative pure tannin in 
wastewater from vegetable and chrome 
tannage is more toxic to bacteria than 
the waste tan liquors containing 0.5- 
to 1.0-per cent tannin. The vegetable 
tan liquors and wash waters required 
dilutions as high as 1 to 800 to render 
them harmless to test organisms. Waste 
chrome liquors were harmless at dilu- 
tions of 1: 20-60. Toxicity of the ef- 
fluent depended on the pH value, and 
also the syntans were more toxie than 
the natural tannins. 


Textile and Wool Scouring Wastes 


Brown (34) discusses the work he 
has carried out on the effect of tem- 
perature and ventilation on high-rate 
trickling filter operations treating mixed 
cotton bleachery waste and domestic 
sewage. During certain periods in the 
summer the air temperature and the 
waste temperature were so nearly the 
same that these filters received im- 
proper ventilation, thus causing ex- 
tensive odor problems. The installa- 
tion of forced ventilation on the two 
trickling filters cured this serious odor 
problem and also increased the effi- 
ciency of BOD removal through the 
plant by an average of 10 per cent. 

Neas (122) states that the treatment 
of viscose waste is not difficult. THe 
then details some methods used. The 
sanitary sewage from the plant was 
treated by Imhoff tank, trickling filter, 
and final settling. The sulfide wastes 
were treated on a trickling filter. The 
acid waste was equalized, then blended 
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with the alkaline wastes followed by 
neutralization with slaked high-calcium 
lime. This neutralized mixture was 
clarified in a circular upflow unit. The 
clarified wastes were then mixed with 
the sanitary plant and sulfide filter ef- 
fluent and then passed through polish- 
ing lagoons to the river. Sludge from 
the clarifier was filtered by vacuum 
filter and stored in lagoons. Since this 
plant has been in operation it has been 
found that the trickling filter used for 
sulfide wastes was not needed. These 
wastes contain polysulfides which form 
free sulfur when neutralized instead 
of hydrogen sulfide. 

The major problem encountered was 
with the sludge. A change in pH in 
the neutralization process to remove 
zine resulted in a sludge that filters 
poorly. This problem is still under 
study. 

Some discussion was given to the 
equipment used in the plant with com- 
ments on design factors, materials, and 
material coatings for surface protec- 
tion. Also some discussion was given 
on a method for feeding lime, and the 
problem and results encountered with 
the precipitation of gypsum when the 
acid concentration of the blended waste 
exceeded 1,500 me /1. 

Maluskoy et al. (104) reported on an 
ion exchange method of absorbing zine 
from viscose wastewater as the zircate 
ion. This was done with an anion ex- 
change resin. Nosek and Krepelka 
(126) diseussed full-scale elarification 
test on textile waste by means of MgCl. 
indicating that in a highly alkaline 
medium it was a very effective clarifica- 
tion agent. 

Stopler ef al. (154) deseribed their 
dilution experiments on viscose wastes. 
At a dilution of 1 to 10 of the viscose 
wastewater, the water bacteria showed 
a delayed development of 24 hr. <A 
dilution of up to 1 to 50 delayed the 
biochemical oxygen consumption. — It 
was found that fish did not seem to be 
affected by dilutions of 1 to 10 and 
above. 
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Monaco Conference on disposal of nu- 
clear wastes held in November 1959, 
but since the proceedings had not ap- 
peared, none of the papers presented 
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Chem, 


there were included. During the past 
year, the proceedings were published 
in two volumes by the International 
Atomic Energy Ageney (35) (36) and 


are reviewed under the appropriate 
headings, 


cane 
4 
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Literature searches covering fixation 
of fission products (17), waste process- 
ing and disposal (15 
and 
(19) have appeared. 

This review 
subject headings: mining and milling 
fuel waste 
handling, treatment, and disposal ; and 
legislation. 


and shipping 


storage of radioactive materials 


is organized under the 


operations ; reprocessing ; 


Mining and Milling Operations 


The treatment of uranium mill wastes 
was discussed by Lewis (44), who in- 
dicated that each ton of uranium proc- 
essed resulted in the production of 300 
gal of liquid effluent. 
in the wastes could be reduced by co 
agulation with copperas and lime and 
the addition of barites. Respective re- 
movals were: (a) alkaline tailings: 71 
and 97.5 per cent; (Db 


Radium present 


acid resin-in- 
pulp tailings: no data and $3 per cent; 
and (c) clarified resin-in-pulp acid 
tailings: 94.2 and 99.9 per cent. Lab 
oratory-scale experiments by Goodfel 
low et al. (29 
change resins showed that they were in 
effective for the primary removal of 
uranium from factory effluents. Re 
covery of thorium from sulfate solu 
tions by a strongly 


with cation and ion ex 


basic anion ex- 
change resin procedure was reported 


by Arden et al. (9 


Fuel Reprocessing and Separation 
of Radionuclides 


Jecause of the decomposition of ni 
trate salts high-levels 
Purex and Redox wastes, Anderson (6 
cautions against the self-concentration 
of Purex until additional re- 
search work on this problem is com 
pleted. Physical properties and flow 
characteristics of Zirflex 
waste were investigated to assist in the 


in concentrated 


wastes 


neutralized 


selection of satisfactory transfer equip 
ment and storage conditions (5 
A cesium alum is deseribed 


in which the 


pre CSS 


alum erystallization is 


carried out in an aleohol medium, thus 
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eliminating the need for heating and 
the solution (46). <A 
tamination factor of 10' 
single 


cooling decon- 
is claimed for 
and the 
amount of alum used is reduced to ! 
of that previously required. In an- 
other process patented by Burgus (15 


co-erystallization, 


6 


fission products are precipitated on 
nickel or ferrie The 


cesium is dissolved with a solution of 


ferrocvanide. 


Ames 
reported that clinoptilolite, a zeo- 


ammonia or mercuric nitrate. 
(4) 
lite, satisfactorily removed cesium from 
a high-salt solution over a pH range of 
1 to 12 and at flow rates of 20 to 200 
gph ‘sq ft. 

Shaking 
with finely 


solutions of strontium-90 
divided solid barium sulfate 
served as a basis for removing the ra- 
dionueclide (45 treatment 
was suggested for better separation of 


Column 


strontium-90 from aqueous solutions. 


Waste Handling, Treatment, 
and Disposal 


General 
The technical and administrative as 
pects of radioactive waste management 
were discussed in terms of the present 
and the future by Wolman and Lieber- 
man (79) 
between radiation protection standards 


The authors distinguished 


and operating or performance criteria 
that must be established in connection 
with effluent control operations. Ra- 
dioactive waste practices at Argonne 
National Laboratory were reviewed by 
Rodger (65), at Harwell by 
(16), at Chalk River by 
Russell (48), and at a German plant by 
Hoffmann and Talsky (31 Kenny 
(39) and discussed the 
waste disposal problem related to the 


Burns 
Mawson and 


Rogers 66 ) 


handling, use, and management of ra- 
dioisotopes. The public health prob- 
lems with the nuelear_ in- 
dustry were referred to by Dunster 
(21). He also described the waste dis- 
posal practices of the United Kingdom 
Atomie Energy Authority (22), and 
Dickson (20), the problems expected 


associated 


tye 
og 
3s 
¥ 

; 

: 

a. 

4 


with a nuclear power program in Eng- 
land. Piccot and Wooldridge (61) de- 
termined the volumes and levels of ra- 
dioactivity expected in the operation of 
the Piqua, Ohio, reactor facility and in- 
vestigated various methods and costs of 
storing or disposing of such wastes. 
Two Russian papers appeared. The 
first was concerned with the separation 
of radioactive materials by coprecipita- 
tion with calcium oxalate (14). The 
precipitate is treated to isolate cerium 
(by an oxidation process), strontium 
(by coprecipitation with CaNOs;), and 
yttrium and the rare earths (by solvent 
extraction with tributyl phosphate). 
Ruthenium is concentrated from the 
supernatant on a precipitate of nickel 
sulfide, and zirconium and niobium on 
a precipitate of iron hydroxide; the 
precipitates are dissolved in nitrie acid 
and the radionuclides are extracted 
with tributyl phosphate. In the seeond 
paper, Berezina and Golikov (12) sug- 
gest that stable iodine be added to 
wastes containing radioactive iodine be- 
fore release from hospitals. Experi- 
mental results reported by Adams et al. 
(1) on a waste solution, 8 N in HNO; 
with 400 mg | of iron and a molecular 
ratio of HNO, to HCHO of 1.7 to 1, 
indicate a reduction in the final volume 
of 40 per cent after treatment. 

The Animas River Survey results 
for 1958 and 1959 were reported by 
Tsivoglou ef al. (76), and gave the ex- 
tent of radioactive pollution in the 
wastewater discharged from a uranium 
mill at Durango, Colorado. 

Suggestions have appeared in the 
literature of disposing of radioactive 
wastes in arid regions such as_ the 
Atacama Desert, Chile (23) and in 


polar ice (58) (59) (60). 
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Tank Storage 


Jury (38) calculated steady state 
heat losses for the six cylindrical liq- 


Vol. 33, No. 6 ee 
3 


578 


uid radioactive waste storage tanks at 
Oak Ridge National Laboratory and re- 
ported losses per tank ranging from 
4,000 to 44,000 Btu hr depending on 
tank location and moisture content of 
the soil. Simplified equations for eal- 
culating maximum temperature rise in 
stored radioactive wastes 


solid were 


presented by Godbee and Roberts (27 
These authors stress the need for de 
termining the thermal conductivity 
values of the solid wastes. 
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Prod 


Storage.’’ 
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Final 


Chemical Treatment 


Coagulant aids for the lime soda 
treatment of low level radioactive 
wastes were studied at Oak Ridge Na- 
tional Laboratory (75) and Hagan 


Aids Nos. 50 and 18 showed some value 
under feed 
solution concentration, mode and point 
of addition, and 
Krawezynski (41 
fects of complex-forming compounds on 
chemical precipitation and 
that very slight traces of tartaric acid, 
citric acid, EDTA, and other chelating 
agents had a marked effect, but that 
commercial detergents exhibited no ef- 
fect. 
level wastes was described by Spitzyn 
(74). 
earths, some ruthenium-103, ruthenium- 
106, and a little strontium-89 
strontium-90 are coprecipitated 
basic ferric sulfate and sodium hydrox 
ide. The strontium, ruthenium, 
cesium-137 remaining in solution are re- 


conditions investigating 


Water temperature. 


investigated the ef- 


reported 


Russian practice in treating low 
Zirconium-95, niobium-95, rare 


and 
with 


and 


moved almost completely on 
through 


columns. 


passage 
cation and anion exchange 
Krieger et al. (42 reported 
that by a process combining c¢o-erystal- 
lization, and liquid- 


coprecipitat ion, 
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liquid extraction, a method de- 


veloped for the removal of long-lived 


Was 


hazardous fission products from a simu 
lated acid aluminum nitrate fuel proe 
Involved 
with alum, 
followed by strontium coprecipitation 
with barium sulfate and solvent extrae- 
tion of the rare earths, ruthenium, and 


essing waste. is cesium ¢o 


crystallization potassium 


zirconium-niobium with tributyl phos- 
phate for a removal of 99.9 per cent of 
the total radioactivity. 


Ion Exchange and Electrodeionization 


The and 


properties of liquids, as they relate to 


physical physiochemical 
ion exchange, were studied ; equilibrium 
constants for strontium-90 and eesium- 
137 ions in the presence of Ca and Na 
were calculated: kinetics of ion fixa- 
tion was discussed; and the migration 
of radioactive ions in soils was 
sidered briefly (10 Smit et al. (73 
propose ammonium molybdophosphate 
(AMP) as an 


for removal of 


con 


ion exchange material 

cations from acid and 

neutral solutions of fission products. 
Glueckauf (26 


and optimum operating conditions of a 


discusses the theory 


packed-cell electrodialysis unit for the 
final the dilute 
radioactive ions. Electrodeionization 
Was investigated by Sammon and Watts 


step in treatment of 


68) for the treatment of low level 
wastes. Their studies with Na salt 
solutions in the range of 10° to 10°° N 


revealed the process can reduce this 
amount of salt by 1 2,000 and concen- 
trate the effluent up to 100 times the 
influent. Deionization of solutions con- 
taining Ca**, Fe**, and PO, 
vestigated and the performance of the 


were in- 


units was expressed in terms of a pa- 
rameter which is a function of the solu- 
flow de- 
Japanese studies (51 


tion concentration, and 
salting current. 


showed that the transfer rate of either 


rate, 


non-radioactive or radioactive ions 
through ion exchange membranes was 
nearly equal. In treatment 
the coneentration of effluent rose to 100 


times the initial feed. Power required 


two-stage 


va 
. A 
: 
a 
? 
- 
: 
2 
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for electrodialysis was 1 kwhr sq m 
when demineralizing from 2,000 to 20 
me/l, and the over-all power was only 
10 kwhr/sq m. 
over 70 per 
Nishio (71) 
deionization 


Current efficiency was 
cent. and 
electrolytic 
combining 
spherical ion exchangers and permse- 


Shimokawa 
describe an 
apparatus 
lective ion exchange membranes. Equa- 
tions were derived as a function of feed 
concentration, eleetrie volt- 
age, current, current efficiency, equiva- 


flow rate, 
lent conductivities of ion exchangers 
and solutions, volume fraction of par- 
ticles, and cell geometry. They report 
that the electrolytic process incorporat- 
ing resin particles and resin membranes 
is superior to the simple process using 
only permselective membranes. 


Fixation 
High activity fission product wastes 
from the reprocessing of spent stain- 
less-steel fuel elements were fixed by 
fusing with lime and sand to a glassy 


state (28 Up to 70 per cent by 
weight of the ealeined waste oxides 
were immobilized. At high tempera- 
tures eesium-137 would be lost from 


the fusion. Costs of waste processing 
by glass formation and storage would 
approximate 0.1 mills per kwhr of elee- 
trical energy produced. 
experiments 
(11 
taining up to 50 e of fission products 
per kilogram has been produced with 
nepheline syenite. Ruthenium and 
cesium are volatilized in varying de- 
grees during heating, 


In Canadian 
deseribed by Baneroft 


and Watson ef al. (78), glass con- 


and are removed 
by a method which permits subsequent 
incorporation into glass. Beeause of 
losses of radioactivity by leaching, the 
suggestion is made that the highly ra- 
dioactive glass be buried in the ground 
or stored in artificial vaults (78). 
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in Connection 


Their 
Safe Burial.’’ of Radioactive 
Wastes, 1, 431, Internatl Atomie Energy 
Agency, Vienna (1960). 


with the Problem of 
Disposal 


Calcination 


Several laboratories have continued 
studies on calcination of high level ra- 
dioactive wastes and the problems as- 
sociated with such operations. Slansky 
and Warzel (72) describe laboratory 
and pilot-plant investigations on the 
dynamies of fluidized bed operation, 
the removal of volatile fission products 
and solid particles from gases, the de- 
velopment of equipment and operating 
techniques, and the long-term disposal 
aspects of all radioactive wastes. Re- 
moval of volatile ruthenium by silica 
was reported to improve with succes- 
sive wetting and drying cycles. Simi- 
lar studies by Anderson and Rhodes 
(7) show most effective adsorption on 
silica gel at a temperature just above 
the dew point of the ruthenium off gas. 
Heat transfer associated 
with the operation of spray calciners 
were studied at Hanford 
Progress is reported in the processing 
of low acid waste and TBP-25 waste 
(54), Idaho Chemical Processing Plant 
waste and Purex-type wastes 
Leaching studies (25) 
showed that very little uranium was 
leached by rain from alumina follow- 
ing treatment with caustic soda. This 
converted the uranium into in- 
soluble diuranate which was adsorbed 
by the alumina. 


mechanisms 


(2) (Sa). 


(55). 


(55) (56). 
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Ground Disposal 


Harpaz (30) suggests that alluvial 
soils be used for low and medium ra- 
dioactive waste solutions because their 


2 
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granular constituents are a good hy- 
draulic medium suited 
cal treatment and the salts and clays 


for mathemati 


present have a high absorption and ex- 
change capacity. that the 
motion of ions in ground water through 


Assuming 


soils may be described as a reversible 
process of exchange, Newton (50) eal- 
culates the distribution of activity 
through the soil by a statistical method. 
The mean delay time in a uniform 
column is determined by the equi- 
librium distribution ratio D and the 
shape of the front is fixed by D and a 
parameter N which represents the aver- 
age number of transfers from the liq- 
uid to the 
presents data on flow rate distribution 
calculated from a two-dimensional per- 
colation test re- 
sults are reported by Amavis and Vae- 
carezza (3) for H*® and Sr® in Saclay 
and are compared with 
matical formulations introduced by 
Hiester and Vermeulen and Kaufman. 
Rhodes (62) shows that more than 90 
per cent of the cesium and less than 
10 per cent of the strontium is ab- 
sorbed by Hanford Strontium 
removals could be enhanced markedly 
(>90 per cent) by increasing the pH 
to approximately 8 to 10. The move- 
ment of wastes through soil from Chalk 
River wastes was reported by Parsons 
(52). 


solid state. Rowe (67 


model. Percolation 


soil mathe- 


soils. 


Temperature buildup from ground 
disposal of highly active wastes was 
calculated by Kotewale and Ganguly 
(40) and Perona and Whatley (57 

Watkins ef al. (77 
considerations pertinent to ground dis- 


review general 


posal of wastes and point out the ad- 
vantages and disadvantages of 
disposal injection compared with other 


waste 
methods of disposal. 


Additional References 


Morgan, J. M., ‘‘ Feasibility of Establishing 
a National Burial Ground for Radioactive 
Waste in the North-Eastern United States.’’ 
U. S. Atomic Energy Comm, Rept. AECU 
4102, Johns Hopkins Univ., Baltimore, Md., 
126 pp. (1956). 
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Reisenauer, A. E., ‘‘A Procedure for Estimat 
ing Capacity of a Ground Disposal Facility 
Waste.’’ U. S. Atomic 
HW-57897, Hanford 
Operation, Riehland, 


for Radioactive 
Energy Comm. Rept. 
Atomie Products 

Wash., 16 pp. ( 1959) 


Salt Disposal 


The use of mined-out salt beds and 
salt domes is being considered actively 
Rich (63) re- 
views the various factors to be evalu- 
ated 
economies thereof. He 


by several investigators. 


in selecting this method and the 
concludes that 
the technique is satisfactory if an eco- 
nomical method of 
fixing the 
form is developed. 


coneentrating and 
into a non-leachable 
The many complex 


ineéluding 


waste 


structural factors elastic 
stress, thermal stress, and stress redis- 
tribution due to plastic zone formation, 
were investigated by Serata and Gloyna 
(70) along with problems of tempera- 
ture distribution, heat 
the wastes, reduction in cavity volume, 
streneth of salt, ete. The chemical re- 
action between nitrie acid and sodium 


emission from 


chloride, which produces chlorine and 
Ku- 
in its applica- 


nitrosyl chloride, was studied by 
bota and Tamura (43 
tion to the disposal of Purex wastes in 
salt. These studies are reaching frui- 
tion in a 
Hutchinson, Kansas (8 


pilot-plant evaluation at 


Sea Disposal 


The sources and nature of radioae- 


tive wastes from U.S. nuclear powered 
ships and methods of disposal are de- 
seribed by Ilitis and Miles (84) and 
(64 Activity 
sociated with spent resins from nuclear 


Rickover levels as- 
ship reactors are reported by Schultz 
(69 
disposition of these resins in sea water 
are given. (13 
state that concentration is the simplest 


, and characteristics relating to the 
sjonniaud and Cohen 


method of preparing waste sludges into 


slowly leachable materials for 
disposal. The addition of sodium sili- 
cate to Portland cement without the 
use of sand resulted in the best com- 


position. $2) reports that 


ocean 


Holeomb (oa ) 


|| 
: 
: 
; 
4 
™ 
x 
° 
sth 
a 


Vol. 33, No. 6 
a mixture of 2 parts cement, 1 part 
resin, and 1 part water was optimum 
for fixing nuclear reactor system de- 
Ile indicates that 
only 0.44 per cent of the gross gamma 
activity leached after 2,540 hr of con- 
tact with simulated sea water. 


mineralizer resin. 


Additional References 


Bryant, W. L., Behr, L. M., 
Waste Methods at Bettis Hot 
Laboratory.’’ Proe., 7th Hot Laboratory 
and Equipment Conf., 397 (1959). 

Hela, I., ‘*The Hydrographical Features of 
the Baltic Sea and the 
active Wastes.’’ 
Wastes, 1, 573, Internatl Atomie Energy 
Agency, Vienna (1960). 


and ** Liquid 


Disposal 


Disposal of Radio 
Disposal of Radioactive 


Legislation 


Legal and administrative problems 
associated with the use of the seas for 
waste disposal were reviewed by Hyde- 
man and 
(47 
protect the public health against haz- 
ards of radioactive waste disposal is 


and Manner 
The kind of control required to 


Berman (33 


considered first, followed by a general 
analysis of the legal problems posed by 
waste disposal (33 
the coastal 
states to impose unilateral control on 


Emphasis was 
placed on authority of 
the disposal of wastes by other coun- 
tries if their interests are affected ad- 
versely. Consideration is also given to 
how questions of control have been 
handled in the past and the various 
means that might be utilized for inter- 
national control. Manner (47) brought 
up the problem of the enclosed sea and 
stated that provisions relating to the 
Conventions of the Law of the Sea did 
not adequately cover this case. 

The International 
Radiological Protection released the re- 
port of Committee II on Internal Dose 
which is identical in numerieal 
Handbook 69 (49) released 
by the National Committee on Radia- 
tion Protection. Of much interest to 


Commission on 


(37 


values to 


control agencies is the first report of 
the Federal Radiation Couneil (24) en- 
titled 


‘Background Material for the 
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Development of Radiation Protection 


Standards.’”’ 
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PUBLIC RELATIONS ASPECTS 
OF PROMOTING A BOND ISSUE 


Ted Sperling 


Any discussion of the need for bond 


issues first should 


be examined from 
the perspective of how to pass a bond 
issue. As a result, this will be con- 
cerned mainly with highlighting trends 
which are making it inereasingly dif- 
ficult to pass bond issues for the serv- 
ices this group provides, because only 
by recognizing the factors responsible 
for these trends is it possible to design 
effective public information programs 
which may lead to their successful 
passage. 

Kirst, examine the specifie problem 
as professionals concerned with sewer- 
age and water facilities, or to be more 
exact, the lack of such facilities. Re- 
cently, the Metropolitan Sewer District 
of St. Louis and several other major 
water and sewer utilities were the basis 
for a published article (1) describing 
a comprehensive treatment of the fan- 
tastic problem facing the entire nation 
in obtaining desperately needed new 
facilities in order to eliminate pollu- 
tion and secure an adequate supply of 
water for expanding family and_in- 
dustrial needs. 

The 


sewerave 


lack of 
the 
most neglected of all the public works 
problems out of 
mobility, 


that the 
facilities 1s 


article said 


and water 
arising postwar 
prosperity, and population 
growth. — It pointed out that 
U.S. Publie Health Service 


in a community by community survey 


also 


At the time this paper was pre pared Ted 


Sperl nga was Director of Publie Information 
Metropolitan St. Louis 
in Nt. Louis, Mo. 

The pape 
nual Meeting of the 
Fede ration 


1960. 


for the Sewer District 


was presented at the 33rd An 
Water Pollution Control 
in Philadelphia, Pa., October 2-6 
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found that nearly half of the 100 mil- 
lion Americans who have community 
sewers do not have adequate sewage 
treatment facilities. 


... The United States investment 
in municipal sewerage systems is at 
least $6.9 billion short of what it should 
be, and in waterworks is short by $4.6 
billion of the needs. In the next seven- 
teen years, to correct today’s deficien- 
cies and to provide for the expected 
surge in population and for deprecia- 
tion of existing facilities, the na- 
tion should spend at least $44 billion 
on waterworks, sewers, and 

treatment plants. This would 
spending $2.6 billion a year 


sewage 
mean 
which is 
about twice the average rate of outlays 
for this purpose since 1946. Of the 
two problems—water and sewage—the 
latter is by far the more critical. 
**By 1975 at least 134 million people 
will be in areas with publie sewerage, 
compared to 100 million today. To 
provide them with adequate 
disposal, #24 billion should be spent. 
‘Last year, of the thousands of com- 
munities with inadequate water and 
sewerage facilities only about 600 were 
stirred up enough to put bond issues 
up before the voters. Yet the citi- 
zens of nearly one-quarter of these 600 


sewage 


municipalities turned down the 
bond issues at the polls.’’ 

The master understatement of the 
year was, ‘‘We’ve got a tremendous 


job to do.”’ 

Everyone surely has a pretty good 
idea of how his particular state or in- 
dividual community fits into the pie- 
ture just deseribed. And just as surely 
as these needs are recognized, it is also 


recognized that only one basic com- 
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modity can satisfy that need: Money; 
lots of money; and most of it gen- 
eral obligation and some revenue bond 
issue money. 

This is elementary reasoning. Why 
belabor it? The point is made. But 
unfortunately the point was not made 

vet. 
money needed so desperately for sewers 


Because that same bond issue 


and water also is needed and is being 
sought—just as desperately and usu- 
ally more suecessfully—by the schools 
and municipal agencies who can only 
expand their services by seeuring tax 
dollars through bond issues. In short. 
this field today is in a competitive 
scramble for the tax dollar that is un- 
paralleled in American history. And 
this competition demanding, 
loud (and in the the public 


schools, bold) eomes at a 


fierce, 
case of 
time when 
the American citizen is plagued with 
a combination of inflation and higher 
taxes of every sort—a combination that 
shrinks the ability of the dollar he 
earns to buy everything he needs and 
wants. 

Meanwhile, development 
without proper treatment facilities, 
without trunk and interceptor sewers, 
without adequate provision for ample 
supplies of good water. 


continues 


Each year of 
delay amplifies the problem and the 
cost of remedying that problem. And 
Mr. Taxpayer becomes more and more 
selective as to where, if indeed aly- 
where, he will permit his tax dollars 
to be invested for local bond issue pro- 
posals. 

It’s a discouraging picture. 
is a true picture 
situation 
home. 


Yet, it 
almost a mirror of a 
each knows about close to 

When management is ready for a 
project that bond 
nancing, it generally tries to sell the 
bond issue to the voters on the merits 


requires issue fi- 


of its ease, usually through the medium 


of a select, blue ribbon citizens com- 
mittee; and generally, with the sup- 
port of the local press. 


But as many a defeated candidate 
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for office will testify, it takes much 
more than newspaper support to win 
a campaign. The holds for a 
bond issue campaign in this field. 
sidering the background of fieree com- 
petition for the tax dollar and the 
fact that, in Missouri at least, a two- 


Same 


Con- 


thirds favorable vote is required to pass 


a general bond issue and 


revenue 


obligation 
four-sevenths for bond pro- 
posals, it takes a concentrated, well- 
financed, professionally-directed cam- 
paign to successfully promote a bond 
issue in the face of today’s adverse 
conditions, 

This is true of the small community 
as well as the large. The small com- 
munity has one advantage in that it is 
composed of people who have one basic 
geographical and economie interest. In 
addition, since lagoons may be pre- 
sented as a low-cost alternative to con- 
ventional treatment plants in smaller 
cities, an attractive factor is added to 
Larger 
communities, on the other hand, have 
so many diverse interests it is difficult 
to select thread with which to 
weave together all those interests into 
one affirmative 


such a bond issue campaign. 


one 
movement for a bond 


Issue. 


Typical Program 


Regardless of the size of the com 
munity, one fact remains basic: It does 
take a skilled, well-thought-out, and 
hard-hitting campaign to pass a bond 
issue election for sewers or treatment. 
Unless a community is willing to ae- 
cept this fact, it cannot expect to win. 

The type of program 
ambitious; yet, it 


deseribed is 
is only a skeleton. 


Now the specific features of a typical 
outlined to 
what is really involved. 


campaign are illustrate 


Committee Organization 


A tightly-knit group of people fune- 
tioning as an organizing and steering 
committee generally will be able to set 
policy, and the 
progress of the campaign much more 


raise money, steer 


A 
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skillfully and effectively than a large 
As a result, the fol- 
lowing points should be carefully con- 
sidered : 


loose-knit group. 


1. Start with a small group. 

pA this the nu- 
cleus of a future larger organization. 

3. Let the 
sible for the points enumerated, and 


Consider group as 


small vroup be respon- 


especially for raising the initial money. 


In the case of most publie agencies, 
money to run a bond issue eampaign 
must be secured from private sSOUrceSs, 
inasmuch as the public agency is pro 
hibited by law from contributing money 
for this The 
quired for a campaign may be as small 


purpose. financing re- 
as several hundred dollars and as large 
as $15,000 to $20,000, depending on 
the community, the nature of the prob- 
lem to be overcome, and other similar 
pertinent factors. In the 
must have a clear-cut idea 
of how much money will be needed be- 
fore the campaign starts. 


any event, 


committee 


Initial Support 


The following points should be care- 
fully considered in the planning of the 
over-all the 


campaign, especially in 


background planning : 


1. In lining up initial support the 
committee should always be sure to ask 
for money. In the 
mittee will not get this money. 


most Cases, com- 
ever, its request and subsequent re- 
fusal will plant guilt feelings within 
those organizations individuals 
who refused to contribute. This will 
be a big help later when the committee 
must recruit speakers and workers who 
are willing to give their time, if not 
their cash. 

2 Although all 
civie nature should be contacted by 
and in and familiarized 
the bond and a 
for money, committee 

concentrate their efforts on 
individuals and organizations 


organizations of a 


mail 
with 
made 
should 


those 


person 
issue, request 


members 
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they know, from previous experience 
and on the basis of community rela- 
tions, will be most likely to offer fi- 
nancial assistance and actual organiza- 
tional support. 

3. After its initial planning has 
been developed, the steering committee 
should enlarge its numbers to inelude 
a wider range of key people who can 
be assigned responsible committee posts 
and, who in turn, may secure other key 
people to widen the scope of the bond 
issue campaign as the need arises. 


Over-all Planning 


Such planning should generally be 
done by the steering committee before 
it enlarges its numbers in order that it 
might have a complete blueprint of 
what needs to be done. This helps im- 
measurably in gaining the support of 
other key people who are willing gen- 


erally to accept specific assignments 


and who will react favorably to a 
specific blueprint, rather than gen- 
eralities about what may be needed. 


The following points should be econ- 
sidered very carefully : 


1. Be willing to pay a fair price for 
professional public relations help. You 
will save time and get your story across 
better. Give that professional help a 
strong voice in initial policy decisions ; 
it is paid for what it is supposed to 
know about shaping public opinion. 

2. Have all elements of the program 
and strategy complete and agreed on 
before any publicity is released and— 
repeating an earlier injunetion—be- 
fore the committee is enlarged. 

3. Decide in advance what ideas ean 
be sold to the community. Remember, 
in this phase of planning, that you 
must overcome fear, doubt, animosity 
to increased taxes, and lack of tangible 
benefits. 

4. Here are some of the basie factors 
which a committee should consider as 
the nucleus around which one over-all, 
affirmative central theme for the eam- 
paign may be constructed : 
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(a) Individual health protection. 


Present this point in such a way as to 


make people compare the cost of the 
improvement with what they would 
have to pay for more health insurance, 
doctor and hospital bills, ete., if an 
epidemie disease were to strike their 
families. 

(b) Community benefit. One of the 
most effective methods of focusing at- 
tention on this point is the appeal to 
help spread the tax base, thereby low- 
ering taxes generally. This obviously 
is done by making trunk sewer, treat 
ment, and water facilities available in 
ample quantity to attract the invest 
ment eapital, which in turn will achieve 
a balance of industry, commerce, and 
residential development. 
hammer the point that it is the taxes 
for the support of public schools which 
take the 


Constantly 


bite out of the tax 
payers’ dollar. Point out that in- 
dustry and commercial development 
can only come into a community where 


biggest 


adequate facilities are available; busi- 
ness and industry contribute very few 
pupils to a school system, but they con 
tribute enormously to the entire tax 
structure through the virtue of their 
tax assessment. This is a factor which 
is gradually 
nized and accepted in most communi- 
it 
again and again. 

(ec) Outright 
the possibility of epidemics. 
feature which very 
handled in the due to the rigid 
attitude of public health authorities 
It is not suggested, of course, that rea- 


beginning to be 


ties, needs to be emphasized 


fear of disease and 
This is a 
been 


has poorly 


past 


sonable standards of scientifie inquiry 
and analysis be suddenly dumped for 
the expedient of people. 
What is suggested is a more reasonable 
and forthright attitude on the part of 
public health officials on the local scene 


frightening 


to warn of the possibilities of epidemic 
disease spread through untreated sew 
age. 

5. An alternative to the bond issue 
for an example of what will have to be 
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done if the bond issue is turned down. 
Here, it is 
cautious. 


necessary to be extremely 
People do not like to go to 
the polls with the feeling that a elub 
held their heads. On 
the other hand, a firm analysis and 


is being over 
understanding of an unpleasant alter- 
native will do much to help sell the 
affirmative appeal of the bond issue 
Provisions. 

6. Advantages of the particular type 
of bond issue. Specifically, if it is a 
general obligation bond issue, it should 
be pointed out that this type of fi 
insures that everybody who 
eventually moves into the area over 
the 20-yr period will pay his fair share 
of the improvement, and that the tax 
rate must go down for the individual 
taxpayer as the assessed valuation for 


naneing 


In the case of 
a revenue bond issue, there should be 
no hesitancy 
tively 


the entire area goes up 


affirma- 
that this 
takes nothing from 


whatsoever in 
promoting the 
type of 


point 
financing 
the taxpayer in the form of a direct 
tax, but is paid for equitably by all 
people who share the 
the medium of the service charge. It 
zoes without saying, of course, that the 


service through 


revenue bond issues generally are far 
than 


bond issues, the obvious reason being 


easier to pass reneral obligation 


that direct taxes are not required. 
Timing of Publicity 

Start no sooner than 60 to 90 days 
before the election. 


ful in date, and 
the following points: 


Be ext remely care- 


selecting a consider 


1. The election should be held dur- 
ing the season when the problem is the 
worst. For example, trunk sewers or 
treatment obviously have their greatest 
voter appeal in hot weather. 

2. Peg the election date during a pe 


riod when there is assuranee of ade- 


quate citizen help. In most communi- 
ties a trend ean be discerned for most 
vacations and other activities, reeard 
less of season, which engage the spare 
time of most willing citizens. 
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3. Beware of unseen obstacles. For 
example, avoid an election date on or 
immediately near the date on which 
local tax bills are issued for that year, 
or at the time of the month when 
charge accounts are billed to customers. 

4. Concentrate the heaviest effort of 
the campaign in the last 30 days before 
the election, mounting to a crescendo 
of activity during the last two weeks. 


Liaison 


Make sure that key members of the 
steering committee are available at all 
times to consult with the public rela- 
tions people who actually will be run- 
ning the campaign at this point.  Liai- 
son of this sort will avoid time-consum- 
ing delays on key policy decisions 
which the public relations people do 
not have the authority to make, but 
which inevitably crop up during erucial 
periods in a campaign, usually when 
least expected Unless these key peo- 
ple are available and are ready to make 
a decision quickly, valuable time and 
initiative may be lost. 


The Campaign 


The campaign depends on three key 
factors: money, media, and people. 


Money 


The over-all need for money has al- 
ready been discussed. Briefly, it will 
be needed for telephone and office, post- 
age, printing, movies, photos, engrav- 
ings and mats, and print advertising. 
It will not be needed for feature stories, 
news coverage, TV and radio spots, ete. 


Ve dia 


All of the following media and il- 
lustrations of use should be considered: 


1. Newspapers These inelude: (a) 
news stories, (b) photos, (c) feature 
articles, (d) letters to editor column, 
and (¢) editorials. All of these will 
be handled adequately by a_ profes- 
sional public relations agency, and 
there should be no attempt made on the 
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part of the committee to control the 
release or strategy in this regard. The 
campaign always should be started by 
the steering committee in a meeting 
with the local press, radio, and TV. 
This should be a joint meeting and the 
top executive talent in the committee 
should handle the details. Explain all 
facets of the bond issue; dodge noth- 
ing. Tell the press representatives 
exactly what is your program, your 
problem, and your solution. Be frank. 
Recognize that in order to gain full 
support for the bond issue, your com- 
mittee must convince these people. 
2. Television. 


(a) Consider producing 20-, 30-, and 
60-see spots which publie service minded 
companies such as banks and utilities 
will sponsor, without charge to the com- 
mittee, on their own television shows 
and spot schedules. This is commonly 
done, for example, in United Fund 
drives. 

(b) If a film is produced, it should 
be so timed that it may tie into 15- and 
30-min public affairs programs. These 
should be handled on a live panel basis. 
Generally, the moderator will introduce 
the panel members, present the prob- 
lem, and then show the movie. After 
the movie, a panel discussion is then 
in order. Television should be hit 
hard and often, with this precautionary 
measure first considered: Be sure the 
appeal on television is tangible, simple, 
and direct. 


3. Radio. All phases of radio are 
completely covered in the discussion 
of TV, and treatment of this media 
should be exactly the same as for tele- 
Vision. 

4. Movies. A word of precaution is 
necessary here. Movies, unfortunately, 
too often are considered as ‘‘cure-alls’’ 
by bond issue sponsors. By all means 
plan a movie if it is possible to finanee 
one. Remember, however, that just as 
a few advertisements can do more than 
bring people into the store, so movies 
should not be expected to convert 
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votes, but basically to acquaint large 
numbers of people with the basie prob- 
lems and the proposed solutions. <A 
professionally produced movie of 12 
to 15 min will average a minimum of 
$3,000 to $5,000 if professionally and 
skillfully done. However, committees 
should not overlook the possibility of 
producing movies with amateurs, pro- 
vided that their aims are simple enough 
to be fulfilled by amateur 
talent. 

Prepare the movie well in advance 
of the bond issue and begin showing 
it no later than 
bond issue vote. 

Be sure to have ample copies avail- 
able for cutting up and editing by TV 
stations for use in and 


camera 


30 days before the 


news shows 
special event programs. 

Educate speakers for the bond issue 
on the use of the movie projector, and 
rent sufficient projectors for simultane- 
ous showing to local PTA groups, civic 
organizations, ete. 

It is important to emphasize the need 
for the individual water pollution 
boards and state departments of health 
to provide professionally produced 
films, detailing the general problems 
which all communities face, and which 
the individual cities may obtain from 
the state for a per-copy price or free of 
charge. 
pollution elimination and expansion of 
water resources which still lags far be- 
hind the need. 

5. 35 mm slides. This is one of the 
finest low-cost methods of effectively 
presenting the problem and getting it 
across to a mass audience. Slides may 
and by amateur 
photographers at very little cost. Con- 
sider these following points: 


This is an educational area of 


be made on location 


(a) Shoot many copies of the same 
scene in order to provide sufficient 
copies for the speakers. 

(b) Develop a talk 


around a series of 35 mm slides. 


built 
Rent 
or buy 35 mm slide projectors which 
speakers may carry with them. Inex- 
pensive and simple sleeve inserts are 


specific 
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available for these slides. The insert is 


then simply slipped into the projector 
and the speaker does not have to worry 


about keeping the slides in order. The 
whole kit is light, easy to use, and ef- 
fective. 

render on 35 mm 
slides all maps, diagrams, and other 
material which projected in 
large relief for mass audiences to see 
clearly. Small maps and 
diagrams are practically useless before 
audiences. 

(d) Keep in mind that the speaker, 
as well as the viewer, can benefit from 
use of the slides. 
want 


(c) Be sure to 
can be 


copies of 


Many speakers will 
these slides as their own visual 
aids while they are learning the semi- 
technical port ions of the bond 

which they must explain to voters. 


issue 


6. Bus tours and in-plant visits. It 
is axiomatie in pollution 
that votes are gained when 
people actually see and smell the prob- 
lem. Nothing is as effective as visits 
to the site. Bus tours are particularly 
effective and are easily handled. Gen- 
erally the group can meet at a shop- 
ping center or some other easy-to-find 
point. The group leader should spend 
10 to 15 min explaining what will be 
shown, and in every case, should dis- 
tribute printed material which the 
tourists can refer to as they move from 
point to point on the tour. 

7. Direct mail. 
effective promoting a 
bond issue when used properly. Since 
the rates for all 
classifications of mail, rates for hand- 


abatement 


Here is one of the 
most tools in 


increase in postage 
delivered media may prove lower than 
mail. In either event, here are some 
general points to consider: 

(a) Create a newsletter which is 
distributed to all voters. It should be 
sent out weekly or biweekly and should 
contain in easy-to-read, attraetive fash- 
ion the 
mittee consider. It 
should have a distinctive makeup and 
may be produced for very little money. 


basic considerations the eom- 


wants voters to 
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(b) Always be specific and to the 
point in direct mail. Do not try to 
sell everything in one presentation. To 
be effective, direct mail must be repeti- 
tive. 

(c) Consider personally-signed post- 
cards which ean be printed in advance 
and signed by proponents of the bond 
issue, and mailed by them to their own 
lists of friends. 

(d) Always have a final mailing 
which will reach the voter the day be- 
fore the election. Always include a 
sample ballot which has been pre- 
marked in the ‘‘yes’’ column, and in- 
clude a brief and strong résumé of the 
points for the proposition. 


8. Testimonials The committee 
should work hard to obtain strong en- 
dorsements from doctors and commu- 
nity leaders as well as people who are 
not so well known throughout the com- 
munity, but as leaders in their own 
neighborhood. It is always a mistake 
to overlook the loeal ‘‘big fish’’ in the 
small pond. In many instanees, large 
segments of the community will resent 
the fact that people they know are not 
represented on a blue ribbon commit- 


tee, 


Pe ople 


In the final analysis, people who 
work in the campaign are by far the 
most important factor in the suecess 
or failure of a bond issue. It is a rare 
instance where use of printed media 
alone ean accomplish the job. By the 
same token, a well-organized, devoted 
group of interested citizens can do 
their own work exclusively, and with- 
out the aid of the points mentioned 
above, pass a bond issue. The com- 
mittee should develop block organiza- 
tions with captains and block workers 
situated on every block of every neigh- 
borhood. Speakers who are capable of 
addressing public meetings of every 
kind should be developed promptly. 
Important points are as follows: 


1. Be sure that the speakers are 
educated together in a well-thought-out 
and illustrated program. 

2. Do not expect laymen to be cap- 
able of explaining technicalities which 
only engineers and other technical 
people are familiar with. It is far 
better to have a technician accompany 
a speaker and answer questions re- 
ferred to him by that speaker, than to 
have the willing public speaker attempt 
to answer something he has no back- 
ground on. 

3. Keep in regular contact with all 
the people in the speakers’ bureau. It 
is necessary for them to be enthused 
and constantly convinced if they are 
to do an effective selling job on the 
voters. 

4. Visual aids are tremendously im- 
portant and should be provided for. 
In this instanee, refer to the section on 
35 mm slides and movies. 

5. Utilize the people who are sup- 
porting the bond issue for an all-out 
effort during the final day. Actually 
organize a ‘“‘blitz squad’’ and let it 
work for you in literally pulling out 
votes on the day of the election. Here 
is how this should be done: 


(a) A map should be prepared in 
advance showing all precincts and 
wards in the area. Post it in a con- 
spicuous place at headquarters. Have 
responsible people analyze and record 
the number of the highest votes during 
a presidential election for the same 
area. Then prepare a cross reference 
of these results with each precinct or 
ward on the map. 

(b) Every two hours during election 
day have couriers visit each polling 
place to obtain the total number of 
votes cast. They will not, of course, be 
able to find out the ‘‘yes’’ or ‘‘no”’ 
count, simply the total. The couriers 
then relay this information in person 
to headquarters and results are posted 
on the map or the board under the ap- 
propriate time of the day. Keeping in 
mind that the vote between 4:00 and 
7:00 pm generally will be at least twice 


* 


592 


as heavy as the vote from 6:00 am to 
4:00 pM, analyze the returns according 
to precinct. 


6. Have the blitz squads leave head 
quarters and drive into where 
results up to that hour indicate the 
vote is lighter than it should be. Have 
these couriers work on a block-to-block 
basis within the precinct and ward and 
literally knock on doors to offer people 
rides to the polls. 
almost always will convert homeowners 
to a ‘‘yes’”’ 


areas 


In the process, they 
vote. 


Post-Campaign Activity 


Have the public relations people pre 
pare a victory and defeat statement in 
advance, both premised on policy which 
the committee has developed prior to 
the election and which may be imple 
mented immediately thereafter. If 
victorious, observe all the 
and be that everybody gets 
plenty of credit for his effort. 

If defeated, have the committee meet 
immediately and again the following 
day to diseuss the policies which it will 
recommend in view of the defeat. No 
sensible organization of intelligent citi 
zens ever should 


amenities 
certain 


enter a bond issue 
campaign without recognizing squarely 
the overwhelming possibility of a de 
feat. Such recognition surely will not 
adversely condition their will or de 
termination to will 
sober them to the overriding necessity 


win, but instead, 
of providing for alternative plans in 
case of a defeat. modern 
army would enter a battle campaign 
without alternative plans of 
should it meet temporary set-backs, so 


Just as no 


action 
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no bond issue campaign should ever 
overlook the necessity to plan in ad- 
vance for the possibility of a defeat. 
Pollution expansion of 
water building 
improvement by a 


abatement, 


facilities, almost any 


bond issue means 
may often be a discouraging process 
This is the nature of the problem and 
the restricted means which public 
agencies have available for progress in 
their respective fields. 
last point quoting 
from an article prepared for the edi- 
torial page of a metropolitan daily, and 
which appeared the day before the 
$4.1-million Gravois Creek bond issue 
election which the Metropolitan Sewer 
District lost by only 190 votes out of 
11,000 cast. Whether the issue faced 


is water, sewage 


In closing, this 
is emphasized by 


trunk 
sewers, the message will apply because 
it actually is hopeful and the results of 
the election were The 
combination sums up the total picture 


treatment, or 


heartbreaking. 


for many agencies: 


The condition of the Gravois Creek (and 


here you may just as well add the name of 
the outstanding pollution or water problem 
affront to 


foul, stinking, disease 


in your own community is an 
human dignity. <A 
infested 


modern 


open sewer has no place in a 
American community in the middk 
of the twentietl 


dition of this sort and the 


ef ntury. To endure a con 
threat—the very 
real threat—it poses to us and our ehildren 
is unthinkable. The 


nate this condition is the 


proposition to elimi 
best, most eco 
nomical and solution, It 
support of 


watershed. 


only long-term 


deserves the unqualified every 


man and woman in the 


Reference 
Thompson, E. T., The 
Works  Problem.’’ 


1958 


Worst 


Fortune 


Publie 


(Dee. 


HEAR WITH THE LAST WORD IN TECHNICAL 
KNOW-HOW AND SEE THE LATEST IN 
EQUIPMENT AND SUPPLIES— 

SEE PAGE 668 
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WHERE INDUSTRY STANDS 
IN WATER POLLUTION CONTROL 


A. J. Steffen 


Any discussion of where industry 
stands in water pollution control can 
best be opened by evaluating the past, 
determining industry’s position in the 
present, and pointing up trends that 
are shaping the future. This is an 
ambitious task, especially in a field so 
lacking in accurate basic data. 

In dealing with this subject, the 
author speaks about industry, but not 
for it. It would be presumptuous for 
anyone to speak for all of industry on 
this broad and somewhat controversial 
question. However, sanitary engineers 
in industry, as well as many officials of 
state water pollution control agencies, 
have helped to develop this discussion 
by providing valuable background data. 


Evaluation of Pollution 


Hoak (1) presents a clear-cut defini- 
tion of pollution: ‘‘ Pollution is the dis- 
charge of material that unreasonably 
impairs the quality of water for maxi- 
mum beneficial use in the over-all pub- 
lie interest.”” However, he hastens to 
add, ‘‘The difficulty with the simple 
definition of pollution just given lies in 
our inability to assign a quantitative 
meaning to unreasonable impairment of 
water quality.’’ 

The stream sanitation picture is 
made up of many individual mosaies— 
individual reaches of streams where 
municipal and industrial effluents are 


A. J. Steffen is Manager of Sanitary Engi- 
neering, Wilson and Company, Chicago, IL, 
and Past Chairman, National Technical Task 
Committee on Industrial Wastes. 

This paper was prese nted at the 38rd An 
nual Meeting of the Water Pollution Control 
Federation in Philadelphia, Pa., October 2-6, 
1960. 
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discharged. The determination that 
any effluents are polluting the stream 
depends on whether the stream can ae- 
cept such effluents without impairing 
the quality of the water for maximum 
beneficial use in the public interest. 
Regulatory agencies must determine 
the quality limits for the effluents in 
question, based on the needs demon- 
strated by the various competing uses 
of the stream. 

In 1938 Streeter (2) set down the 
principles of evaluation of stream qual- 
ity in these words: ‘‘ To solve this prob- 
lem (of evaluating pollution) ration- 
ally, it is necessary to analyze it from 
the standpoint of the relative effects of 
various upstream population groups on 
conditions of pollution at the particu- 
lar point of interest downstream.’’ 
Note that it is necessary to deal with 
the effect of the effluent on the stream, 
not the effluent itself. 

This principle seems relatively ele- 
mentary, but it warrants reemphasis, 
inasmuch as some analysts have, in 
recent years, attempted to evaluate the 
national progress in pollution control 
by citing totals of BOD or population 
equivalent discharged. This approach 
does not measure pollution. It meas- 
ures effluents rather than their effect on 
the stream, and it classifies as pollution 
increments the thousands of municipal 
and industrial effluents discharged in 
full compliance with all regulatory re- 
quirements. 

In assigning a quantitative meaning 
to impairment of water quality in a 
specifie reach of stream, the economic 
value of each use of the stream water 
is an important but often neglected in- 
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gredient. In an evaluation of 
versus benefits in stream pollution con 
trol, the Food Research Institute (3 
of Stanford University, under contract 
with the U. S. Public Health Service, 
concludes that the pollution control ad- 
ministrator should ‘‘study and reflect 
upon each individual case, in the light 
of such general guidance as the econ- 
omist can offer, and such faetual in- 
formation as he himself can muster.’’ 
Cleary (4) expressed this philosophy 
more directly a few years ago when, in 
discussing the substantial cost of waste 
control in industry, he stated, ‘‘I dis- 
play the dollar sign simply as a re- 
minder that pollution control is a costly 
proposition and that no one can bene- 
fit from restr: n of 
waste discharge. Thus I plead that we 
embrace the concept that the quality 
conditions to be maintained in a stream 


costs 


unnecessary 


should be related to use requirements. 
On that basis we have the opportunity 
to develop a pollution control program 
that is practicable, reasonable and ra- 
tional.’ 


Basic Data 


Basie data on the effects of industrial 
wastes on water pollution for any pe- 
riod—past, present, and future—are 
very limited. A survey made in 1950 
by the Conservation and 
the National Manu- 
facturers, published under the title, 
‘*Water in Industry,’’ presents a sub- 
stantial amount of data for that year, 
but the around 
industrial water with rela- 
tively limited information on waste dis- 
posal. 

Currently, a survey is under way 
known as the Industrial Water 
Questionnaire sponsored by the Con- 
servation Foundation, the National As- 
sociation of Manufacturers, the Cham 
ber of Commerce of the United States, 
and the National Technical Task Com- 
mittee on Industrial Wastes, to obtain 
information on industrial 


Foundation 
Association of 


survey was centered 


supplies 


Use 


wastes and 
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industrial water use. This survey has 
been launched concurrently with the 
1960 Manufacturers, 
augments the data to be 
the latter. Associations represented in 
the Task Committee are cooperating by 
clearing the questionnaires through 
their offices to their membership. A 
report based on the results, to be pub- 
lished in 1961, is expected to yield 
meaningful data on industrial water 
use, conservation, and disposal, and 
with the obtained in the 
1950 survey will tell something about 
the past and indicate 
and needs for the future. 


Census of and 


obtained in 


information 


decade trends 


An Estimate of the Situation 

The report on the Industrial Water 
Use Questionnaire will supply some of 
But how 
can current progress in pollution con- 
trol be estimated ? 

A state director of pollution control 
suggested that industry’s position could 


the answers a year from now. 


be explored by considering the number 
of eases corrected and the number of 
cases or treatment needs pending in 
any selected representative area. Be- 
cause a ease or problem (be it of mu- 


nicipal or industrial origin) is a prob- 


lem because of its effect on a stream, it 
is an element in pollution control and 
can reflect stream improvement far 
better than effluent data. Using this 
approach, a questionnaire was devel- 
oped (Figure 1), limited to three ques- 
tions, for distribution to a few state 
stream pollution control administrators. 
seginning with this modest approach, 
the evaluation finally covered the en- 
tire United States with the exception 
of Alaska, Arizona, Hawaii, Idaho, 
Montana, Nevada, New Mexico, and 
Wyoming. Of the 42 questionnaires 
sent out, 38 sets of data and question- 
naires were returned with sufficient in- 
formation to be tabulated (Table I). 
It was emphasized to the respondents 
that where data were not 
available, an estimate would be satis- 


accurate 
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TABLE I. The Pollution Control Situation as Estimated by State Agencies 


Municipalities | Industries 
1950 1960 1950 1960 
State on | | | 
lreatment Treatment | | Treatment | Treatment 

Improve-|__ Improve- 

In Oper: In Opera- Onpera- Opera- | Needed 

) 4) | (3) | 6) | &) 

Ala. | 135 168 33} 37| — | 25] 2 
Ark. | 107 | 30] 15} 80] 54] 200) 156 | 85] 15 
Calif. | 340 | 134 | 32>} | — | 1,420>] 
Colo." | 93 | 138] 162 | 188] 69 | 18 30 20) 40! 25 
Conn.* 53 | 90 | 81 | 17] 105 | 160 | 20 
Del.* 35 51 | 45 5 5 | 5 350 342 383 | 18 
Fla." 36 | 184 | 456 50 40 | 30 30 150 | 200) 100 
| 299 | 125] 383 | 199 59 | (92 150 230 | 75 50 
Ind.* 85 | 150) | 27 | 250 50} 321 | 16] 54 
lowa | 281 | 77| 349 | 63| 104] 197°] 403°| 274°] 70° 
Kans." is2 | 98 | 330 | 5 | 35 5 75 41 30 15 
Ky." | 61} 105 | 34| 32 85 125 176 | 40 35 

La. | 59 36 127 25 | 0 50°} 100°; 75%) 100%| 25% 
Me. 11 | 40 21 | 35 | 45 — I2 | 25 20 
Mass." 62} 83] HZ | 33] 2 49 | 200 79 | 181 2 
Mich.* | 154] 128] 262 | 25 | 71 199 139 392 15 56 
Minn.* | 220] 110} 309 73} 115 | 110 50 | 298 15 57 
Miss.* 7} Wi 64 | 87 100 0 40 | 4 36 410 
Mo. | 150 | 100 350 | 25 50 1 

Nebr.* | 118 324 | 203 239 260 1 10 


States | 3,182 


Tenn.* 67 | 46 | 
Utah 1 | 83 42 57® — 3 100 10 100« — 
Va." 142 300 | 405 100 20 170 150 225 100 10 
Wash.* 83 177 | 230 62 37 175 525 | 1,018 109 109 
W. Va." § | 217 22 200 10 35 281 187 80 50 
Wis." | 268 | 62 374 4 135 | 1,524 775 1,107 227 200 
Total of 26) | | 


| 2,141 1,600 | 4,704 re 2,630 | 1,185 


* Included in column totals. 
> 1958 data; industrial data based on facilities provided since 1950. 
° Includes industrial waste treated in municipal plants. 

4 No data available; Water Pollution Law effective October 1958. 
© 1952 data. 

f Sewered towns with no treatment. 

* Includes “improvements needed.” 


; N. J. 110 468 | 15 50 70 | 74 10 5 
208+ | |} 448 / 139) — = 
N.C. | 275 | 164] 379 | $8 | 60 10 90 | 32 50 15 

N. Dak.*® 88 | ny) 157 | 16 13 12 12 18 |; 13 20 > 

Okla." | 185 | 27f| 269 75 | 102 21 | 168 10 35 
4 Ore. 97 96 | 181 | 62 | 33 i @ 8S 358° 68 -- 
225 | 480| 500} 350] 175 | 930 | 830 |1,260 | 560 | 100 
R. 1. 15 2 9} 3] 38 | 41% 60 | 60 
S.C." | 153 | 54) 172) 35) 43 33 | 79 | 74 | 26 

S. Dak* QS 0 2 2 
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YOUR ESTIMATE OF THE POLLUTION CONTROL SITUATION 


State 


1. What is your estimate of the number of municipalities and industries that 


a) Were proy iding treat- 
ment in 1950? 


Municipalities (Col. 


Industries Col 


bo 


What is your estimate 


a) Needed treatment (b) 


in 1950? 
Municipalities Col. 


Industries Col 


6) 


(b) Are providing treat- 
ment now? 


1) as Col. 3) 


Col. 8) 


of the number of municipalities and industries that 


Need treatment 
now ? 


2) Col. 4) 


Col. 9) 


3. What is your estimate of the number of municipalities and industries currently 


in need of additions or improvements to existing facilities? 


Municipalities 
Industries 


FIGURE 1. 


factory, inasmuch as the estimate of 
the state administrator his staff 
would be an authoritative evaluation. 
The total data 26 
summarized. All other replies omitted 
some data or deviated from the pattern 
Re- 
spondents were encouraged to submit 
data in any form they wished if their 
records were not form 
facilitate answers to the questions as 
stated. This yielded an extensive bibli 
ography, which aided materially in de 
veloping background information for 
this study. 

A large portion of the tabulated data 
is based on estimates; 


and 


from states were 


of one or more of the questions. 


in such as to 


the summarized 
statistics are presented only as guide 
that an 
estimate would tend to be uniformly 
high or low, it is reasonable to expect 
percentages calculated from the data to 
be fairly representative of actual con- 
ditions. 


lines. However, recognizing 


(Col. 5) 


(Col. 10) 


Questionnaire used in survey. 


An analysis of the totals for the 26 
states indicates a 74.5 per cent increase 
in municipal treatment facilities and a 
64 per cent increase in industrial waste 
treatment in the past decade. During 
the same period there was a decrease 
in needs of 36.5 per cent among munici- 
palities and 44 per cent among indus 
tries. Recognizing that a portion of 
the municipal gain is also a gain in in- 
dustrial waste control for those indus- 
tries discharging into municipal sew- 
ers, it that there 
substantial in the control 
industrial treatment. 
dustries in 
greater decrease in 
reflects a trend toward 
of plants and a 

industries 


been 

of 
In- 
waste 


is evident has 
progress 
wastes by 
show less increase 
treatment, but a 
This 
consolidation 
of into 
trends that reduce needs in industrial 
waste treatment without building sepa- 
rate industrial waste treatment plants. 


The proportion of treatment facili- 


needs, 
small 


movement cities, 


{ 
3 
\ 


ties as against the total requirements 
(that is, Col. 1 divided by (Col. 1 plus 


Col. 2)) presents some interesting fig- 


ures. In 1950, 48.5 per cent of the 
municipalities and 46.5 per cent of the 
industries that needed treatment had 
treatment facilities. In 1960 these 
figures rose to 72.2 per cent of the 
municipalities and 71.7 per cent of 
the industries. Similar data for the 


ORSANCO (Ohio River Valley Wa- 
ter Sanitation Commission) drainage 
district show 48.4 per cent of the mu- 
nicipalities, and 87.9 per cent of the 
industries with waste control facilities 
in 1959. Just years earlier 
ORSANCO reported that only 26.5 
per cent of the municipalities and 54.5 
per cent of the industries had facilities 
in operation. Although many of the 
problems remaining after the first years 
of effort in ORSANCO and other post- 
war stream improvement programs are 
especially difficult to solve, the admin- 


seven 


istrators of these programs can point 
to the record with justifiable pride. 


Progress in Conservation 

The record that no survey can show 
is the amount of water pollution con- 
trol effected by conservation 
within industry. Waste conservation 
data are difficult to collect and are not 
readily summarized, but many examples 
can be eited. 


waste 


There is the frequently repeated suc- 
cess story of the Fontana, Calif., steel 
plant, which uses 1,300 gal of water per 
ton of steel produced, whereas some of 
the older eastern mills use 65,000 gal 
ton. The average fuel electric power 
plant uses 40 per cent less water per 
kilowatthour of electricity produced 
than in 1940, even without recireula- 
tion. The author has seen a meat pack- 
ing plant reduce its waste flow by 20 
per cent during a period of increasing 
kill. A week’s work in a cheese plant 


and several thousand dollars of waste- 
saving equipment 
of the total plant 
cent. 


reduced the BOD 
wastes by 50 per 
A manufacturer (5) of penieil- 
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lin reports a BOD reduction from 9.1 
lb per pound of product without re- 
covery to 1.4 lb with in-plant recovery. 
A distillery (5) reports more than 50 
per cent reduction in BOD by in-plant 
waste saving over an 8-yr period, 

Waste conservation takes many forms 
and is as complex as industry itself. 
It may involve a change in a process to 
eliminate a troublesome waste; it may 
mean developing new products to uti- 
lize a waste; it may mean incineration 
of wastes with heat recovered as a by- 
product; it may be recirculation of the 
water, or reuse after treatment. Ac- 
cording to the 1954 U. S. Census of 
Manufacturers, industrial water re- 
quirements would have doubled if none 
had been recirculated or reused. 

This part of industry’s water pollu- 
tion control program begins by instill- 
ing a consciousness for waste conserva- 
tion in management and supervisory 
personnel at all levels. The sanitary 
engineer in industry has a selling job 
to do and his approach is often unique. 
He uses motion picture and slide pre- 
sentations, chalk talks and group dis- 
cussions, progress between 
plants, in-plant conservation commit- 
tees, individual merit awards—one firm 
distributed pencils with waste conser- 
While selling 
waste conservation, the engineer must 
implement the effort by providing back- 
ground information, waste surveys, and 
specifie answers. 
formation on everything 
closing valves for drinking 


contests 


vation slogans on them. 


He must furnish in- 
self- 
fountains 
to entrainment separators on yacuum 
pans, 


from 


Much has been done in wastes 
conservation, much is being done, and 
more needs to be done. 


Industrial Wastes Research 


Millions of dollars are being spent by 
industry in industrial wastes research, 
much of it on utilization and conserva- 
tion of wastes. This cost rarely ap- 
pears in the records as research in pol- 
lution control beeause it is usually elas- 
sified as product research. 
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In waste treatment research, indus- 
try has advantages 
over the municipal sewage field. 
example, 
studies can be seml- 
plant scale, and, if need be, on a full- 
seale trial-and-error basis—procedures 
generally not adaptable to municipal 
financing. Such have been 
stimulated in the postwar years by the 
work of industrial chemists and process 
engineers who have assumed responsi- 
bilities the 
field. They tackle each problem as a 
process problem, often breaking away 


certain inherent 
Kor 
treatment 
conducted on a 


industrial waste 


studies 


sanitary engineering 


from conventional treatment practices 
to develop entirely new processes. 
Postwar efforts have led to signifi- 
eant break-throughs in industrial waste 
treatment- oxidation, 
disposal by irrigation, development of 
synthetic trickling filter the 
anaerobie contact process, air flotation, 


microbiolog ical 
media, 


the use of ion exchange for removing 
dissolved ingredients, and disposal of 
sludge by wet oxidation, to name a few. 
Some of these processes, developed in 
the industrial field, have been adapted 
to the treatment of municipal sewage, 
notably microbiological oxidation and 
sludge disposal by wet combustion. 


Trends Shaping the Future 


Now, after looking at the progress of 

the past and positioning it in the pres- 
ent, what about the future? 
The limited basie data on industrial 
many 
that influence changes in the industrial 
complex do not statistical 
evaluation of the future. However, in 
an unpublished survey among repre- 
conducted in 
1959, 23 respondents predicted an aver- 
age of 100-per cent growth in industrial 
waste treatment by 1975, 1958 
as a base. Although this is obviously 
not a statistical projection, it is an 
estimate of the situation by men who 
know the field and so sheds light on the 
future. 

Something can also be learned about 


waste control and the variables 


permit a 
industry 


sentatives of 


using 
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the future by observing the trends that 
are shaping it. A that should be 
examined are as follows: 


few 


1. Integration of industrial waste 
management with production.—tThe 
brightest star on the horizon is the in- 
creasing recognition among industrial 
leadership that disposing of the waste 
is part of the job. No 
longer is the wastes management engi- 
neer an unwanted bystander when new 
plants and new processes devel- 
oped. Now he is a full partner in 
planning for process changes, in new 


production 


are 


products development, and in new plant 
design. 

2, National Technical Task Commit 
tee on Industrial Wastes.—This group 
was organized in 1950 as an arm of the 
President's Water Pollution Control 
Advisory Board to assist the U. S. Pub 
lic Health Service in industrial waste 
matters, and to facilitate an exchange 
of information in this field. It 
consists of 65 members and alternates 
Member- 
ship is diversified to include a broad 


now 
representing 34 industries. 
range of specialists to implement the 


committee’s program. 
of the activities are: 


Currently, some 


(a) Conducting the industrial waste 
and water use survey previously 
mentioned, 

Developing industrial waste 
guides to provide information to 
operators and managers of in- 
dustrial plants, to consulting en- 
regu- 
latory agencies, and to superin- 
tendents of municipal treatment 
plants concerning the sources, 


gineers, to personnel of 


characteristics, conservation pro- 
cedures, and treatment of spe- 
cialized industrial 
this effort 


wastes. In 
the leaders in indus- 


trial waste management are pool- 
ing their information in the in- 
terests of the entire industry. 
Guides have been completed for 


the milk, commercial launder- 


ing, cotton textile, meat, cane 


| 
; 
4 
Al 
P 
4 
ag 
4 
4 
J 
a 
P 


« 
‘ 
. 


INDUSTRY 


sugar, by-product coke, and 
wood naval stores industries. A 
guide for the potato chip in- 
dustry is in print, and guides 
for the general canning, citrus 
canning, fruit canning, synthetie 
textile, and textile printing in- 
in These 
guides are published by the U. 
S. Department of Health, Edu- 
cation, and Welfare, and are dis- 
tributed by the Public Health 
Service and the Superintendent 
The Task Com- 
publishes a 
Quarterly, financed by its mem- 


dustries are process, 


of Documents. 
mittee also News 
bership for free distribution to 
industry and to all regulatory 
and educational agencies 
cerned with this field. 

Industry education and public 
awareness program. 


con- 


A separate 
subcommittee is preparing edu- 
tele- 
vision packet, and is stimulating 


cational brochures and a 
the development of training 
films. 

Research priority recommenda- 
tions. A subcommittee prepares 
priority recommendations, out- 
lining research projects of spe- 
cial interest to industry, based 
on opinion poll conducted 


during the year. 


an 


The commit- 
interest and 
encouraging training of compe- 


Manpower needs. 
tee 


is stimulating 


tent personnel for meeting needs 
in the field. 
In-service training programs are 


industrial wastes 


also. developed by industries 
within NTTCLW and attendance 
at federal 
training schools is encouraged. 


state and in-service 
Preparation of an annual prog- 
report by industry 
group. In the ten years of the 
life, these reports 
show consistent gains in the con- 
trol of industrial wastes. They 
are published in the report of 
the annual meeting and are re- 


ress each 


committee's 


AND POLLUTION CONTROL 


599 


leased to all interested 


channels. 


news 


3. Changes in the Industrial Com- 
pler.—The hard facts of economies are 
in themselves operating to solve some 
industrial waste problems. Industrial 
plants are being outmoded at a faster 
rate. The average industrial plant was 
27 yr old 15 yr ago. Today it is only 
24 yr old. This accelerated obsoles- 
cence offers opportunities for the in- 
troduction of modern waste conserva- 
tion measures and provision of waste 
treatment facilities in the new plants. 

The consolidation of small plants in 
some industries (notably the dairy and 
canning industries) is also a trend that 
is bringing with it modern waste-sav- 
ing features in new plants. In most 
cases, the consolidated plants are served 
by city sewers. 

These motivated by eco- 
nomics, have eliminated many poten- 
tial and actual pollution problems, and 
will continue to in the 
ahead. 


changes, 


do so years 

{. Progress through constructive wa- 
ter pollution control programs.—This 
list would not be complete without a 
recognition of the progress in stream 
sanitation and industrial waste control 
that has been brought about by water 
pollution control administrators op- 
erating under reasonable and construe- 
tive regulations. 

In most states stream pollution con- 
trol is based on surveys of drainage 
The Delaware Water Pol- 
lution Control Policy outlines in a few 


basin areas. 


concise sentences a procedure that has 
been found workable in many states: 
‘“The waters of the state are studied 
and surveyed by drainage basin areas. 
These investigations show the current 
stream condition, the wastes being dis- 
charged, the effects of these wastes, and 
the best uses of the streams in the vari- 
ous areas. Based on the best uses in 
the various stretches of the streams, the 
Commission agrees concerning the de- 
gree of treatment that is needed for 
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The re 
quirements are subject to review when- 
ever warranted by 
quality or uses. 
Industrial have 
actively supporting realistic practicable 
stream improvement programs 
on accurate appraisals of stream use. 
In California, for example, R. T. An- 
trim, appearing in behalf of the Cali- 
fornia Conference of Industrial 
ciations, the California Couneil on Air 
and Water Waste Control, and the 
California Manufacturers Association, 
at a hearing in support of the State 
Water Pollution Control Act, stated 
that under this act, adopted in 1950, 


ce 


each waste being discharged.’’ 


changes in water 


organizations been 


based 


Asso- 


. the greatest progress in the his 
tory of the state has been made towards 
controlling water pollution.’’ He also 
stated that, about $300 mil- 
lion had been invested in municipal 
facilities during the 714 years of the 
life of the act, industry had invested 
about $250 million in its own facilities. 
This is in addition to paying a sub- 
stantial portion of the $300 million in- 
vested in facilities. The 
1958 progress report of the California 
Water Pollution Board in- 
cludes a statement typical of the situa- 
tion in many states: ‘‘ When the Water 
Pollution Control Board began operat 


whereas 


municipal 


Control 


ing early in 1950, many communities 
throughout the state were discharging 
untreated or inadequately treated sew- 
Today, with few exceptions, the 
existing in 1950 
have been satisfactorily corrected. Of 
even greater the fact 
that in the past eight years every new 
major sewage or industrial waste sys- 


age. 
adverse conditions 


significance is 


tem has been provided with adequate 
treatment or disposal facilities.’’ 

It is also refreshing to note that a 
number of state pollution control ad- 
ministrators, commenting on the ques- 
tionnaire, pointed out, as did F. H. 
Waring of Ohio, that they . . have 
accomplished the desired results by in- 
plant changes and changes in processes, 


with a minimum of waste treatment 
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plants.”’ 
tual understanding between industrial 
and officials, 
an understanding that must be further 
strengthened for continued progress in 
the years ahead. 


Such results require a mu- 


management regulatory 


5. Legislation for rapid amortization 


of industrial waste treatment costs. 
interest 


legislation, on 


Increasing is developing in 
federal and 
state levels, to encourage development 
of industrial waste treatment works by 
allowing rapid amortization of such ex 
penditures for tax 
This would allow quick writeoff of non- 
profit waste treatment facilities for tax 
relief. 

6. Progress in industrial waste ré 
With increasing labor and ma- 


proposed 


income purposes. 


search. 
terial costs, research in waste conserva- 
tion has become more attractive. Re 
cent break-throughs in waste treatment 
at radically lower costs than previous 
conventional methods are stimulating 
further waste treatment research. 
Many unsolved problems beset the re 
search worker today, and many knotty 
ones will Rapid 
acceleration of these research efforts is 


come up tomorrow. 
essential if industry is to continue to 
grow to meet the needs of 
population and rising standard of liv- 


increasing 


ing. The wastes research worker in in 
dustry, aided by other seientifie dis- 


ciplines available in his industry, and 


working closely with his counterparts 
in university and 
organizations, 


governmental re 
search iS today recog 
part of the 
This recogni 
tion in itself will lend impetus to in- 
dustrial the 


nized as an important 


industrial research team. 
waste research in years 
ahead. 

7. Improvements in stream quality 
The quality and the 
quantity of data on the chemieal, bio- 
logical, and hydraulic characteristics of 
have improved 
during the past decade. Expanding on 
the studies conducted by state, local, 
and industrial organizations, the Water 
Quality Network organized by the U.S. 


measurement. 


streams significantly 
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stream conditions may soon become 


Service to monitor 


a valuable source of information in de- 
termining whether stretches of streams 
are improving or regressing, and may 
also become a source of information for 
determining cause-and-effect relation- 
ships in stream quality. Coneerning 
such cause-and-effect relationships, En- 
right (6), reporting on break-point 
chlorination experiences, states that 
‘*When the first of these six periods (of 
high break-point chlorination) struck 
(November 1951), we thought of  in- 
dustrial wastes. Others along the Ohio 
pursued the same thought. We had 
then about 2%; yr of experience with 
the Ohio and its chlorine demand char- 
acteristics, and believed we knew some- 
thing of them. Now, after 10 yr, we 
are more cautious, but do believe that 
these peaks are due principally to nor- 
mal degradation products of nature 
with stream flows governing the in- 
Accurate, 
meaningful stream quality measure- 


tensity and duration.” 


ments have been and will continue to 
be essential to sound progress in stream 
quality improvement. 

8. Municipal treatment of industrial 
wastes.—There has been a growing 
sense of joint responsibility in the han- 
dling of industrial wastewaters within 
municipalities. This was brought out 
in a study conducted by the Subcom- 
mittee on Combined Treatment of In- 
dustrial and Municipal wastes of the 
Chemical Industry Advisory Commit- 
tee of ORSANCO (4 


plies to a questionnaire concerning 


Based on re- 


handling of industrial wastes, the ¢om- 
mittee came to the following conelu- 
sions: ‘Although impossible of redue- 
tion to a table or number, there was 
evident in the tone of the overwhelm- 
ing majority of replies, a spirit of co- 
operation between municipality and in- 
dustry in solving the industrial waste 
treatment problem. This might be con- 
sidered the most important conclusion 
of the survey. Most of the munici- 
palities surveyed accepted industrial 
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wastes either without reservation or 
with only general prohibitions against 
materials harmful to the system or its 
function. Only 11 per cent of the re- 
spondents established fixed numerical 
limits on specific materials. Industry 
likewise was reported as generally will- 
ing to study and take care of real of- 
fenders. The two—municipality and 
industry—approached waste treatment 
as a common problem which they must 
both work to solve.’’ 

As both industries and municipali- 
ties are becoming more aware of their 
joint dependency, some unusual but 
altogether practical joint ventures are 
coming into being. A unique case is 
cited by Schrader (7) in which the city 
of South Charleston, W. Va., built a 
joint municipal-industrial wastewater 
treatment plant, designed by Union 
Carbide Chemicals Company and op- 
erated by a treatment company set up 
as a subsidiary of Union Carbide. This 
and many other, perhaps less unique, 
cases of suecessful municipal-industrial 
negotiations indicate a promising trend 
shaping the future. 


Summary 


Where does industry stand in water 
pollution control? In evaluating the 
past, industry ean stand on the record 

a record that shows substantial prog- 
ress, 

The greatest promise of the future is 
the inereasing recognition of the need 
to integrate industrial waste manage- 
ment with production, with waste re- 
search a partner of process develop- 
ment, 

The exchange of information and e@o- 
ordination of effort made possible 
through the National Technical Task 
Committee on Industrial Wastes, eon- 
tinues to stimulate effort in industrial 
wastes management. Because so much 
industrial wastes control involves in- 
plant waste conservation measures, 
progress must necessarily come from 
within the industrial framework, stimu- 
lated by careful, realistic evaluations 
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of stream quality and water uses de- 3. Hammond, R. J., ‘‘Benefit-Cost Analysis 

veloped by stream pollution control ad- and Water Pollution Control.’’ Food 

wiinidbethas Research Inst., Stanford Univ., Mise. 
Stre rs. 


Publ. 13 (1960 
Industry Is responsive to the publie 4. Subeomm. on Combined Treat. of Munie. 


interest, as demonstrated by the ae- and Ind. Wastes of the Chem., Ind., 
celerated progress in industrial wastes Adv. Comm. of ORSANCO, ‘*Current 
ry *ractices \ Leip: Treatme 
control during the past decade. The Practice 
Industrial Wastes. Sewage and In 
trends shaping the future indicate that dustrial Wastes, 29. 6, 672 (June 1957 
responsible industrial management will 5. Boruff, C. S., ‘‘By-Product Recovery, Pol , 


continue to recognize the part it must lution Control Measure in the Fermen 
tation Industry.’’ Chem. Engr. Proga., 


play in stream quality improvement. hb 
55, 11, 82 (Nov. 1959 


6. Enright, D. J., ‘‘Operating Experience 
References with Activated Carbon and Chlorine 
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ures of Stream Pollution Control.’’ Waste Treatment: Combined Approach 
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1938). NAL, 32, 2, 157 (Feb. 1960 


MONTHLY CONTRACT AWARDS--SEWAGE TREATMENT WORKS AND 
COLLECTING SEWERS AS REPORTED BY THE PUBLIC 
HEALTH SERVICE (MILLIONS OF DOLLARS 
Month 


Monthly 


1960 


Jan. 


Feb. 199 | 72 i 14.2 13.5 91.3 
Mar. 36.4 83.5 24.9 69.1 61.3 152.6 
Apr. 25.6 109.1 28.8 07.9 544 207.0 1 
May 22.6 131.7 33.8 131.7 56.4 203.4 
June 34.5 166.2 13.9 175.6 78.4 341.8 
July 33.2 199.4 214.1 113.5 
Aug. 23.6 223.0 29,7 243.8 53.3 166.8 
Sept. 31.9 254.9 25.1 268.9 57.0 523.8 
Oct. 29.0 283.9 26.7 295.6 55.7 579.5 
Nov. 30.4 314.3 33.8 329.4 | 64.2 643.7 
Dee. 


Feb. 33.5 57.9 23:3 55.9 102 


Mar. 105.0 


Jan. 


* All data for the 


current year are provisional, 


= 

: 

Monthly Cumulative Cumulative Monthly Cumulative 
| 
97.2 7.2 20.6 20.6 | 47.8 17.8 
. 
tes 
| | | | 
| 
Ss 
| 
30.1 48 | 179.9 
| 


EXPERIMENTAL LAGOONING OF RAW 
SEWAGE AT FAYETTE, MISSOURI 


Origin, development, and spread of 
raw lagoons or stabilization 
ponds in the United States have been 
described and discussed in several ar- 
ticles (1) (2) (4) (6). In- 
vestigations (7) (3) (4) (5) involving 
the United States Public Health Serv- 
ice have concerned certain biotie rela- 
tionships and general processes affect- 
ing treatment in facilities of this type. 
These studies also showed a dearth of 


sewage 


(3) (5) 


information on basie principles and 
pointed out the for controlled 
field-seale studies to resolve a number 
of fundamental considerations. 


need 


In 1956 the Public Health Service 
entered into an agreement with the 
Missouri Division of Health and the 


City of Fayette, Mo., for construction 
and controlled operation of stabiliza- 
tion ponds to be fed Fayette sewage. 
The Public Health and the 
Division of Health subsidized cost of 
the experimental the Service 
directed and conducted studies. Con- 
trolled operation began in May 1957. 

The initial objectives were determina- 
tion of the following: 


Service 


ponds ; 


1. Performance as judged by effluent 
quality and possible nuisanee develop- 
ment. 

2. Efficiency as related to loading 
rate and climatological variation. 


Joe K. Neel, J. H. 
Vonday, Jr., are, respectively, 
ologist, U. S. Publie Health 
VI, Kansas City, Mo.; Senior Assistant Sani- 
Engineer, U. S. Public Health 
Region Il, New York, N. Y. (formerly Water 
Pollution Control, Robert A. 


McDermott, and C. A. 
Regional Bi- 
Service, Region 


tary Nervice, 


Supply and 


Taft Sanitary Engineering Center, Cincinnati, 
: and Project Biologist, Fayette, Mo. 


Ohio 


Joe K. Neel, J. H. McDermott, and C. A. Monday, Jr. 
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3. The most favorable loading 
(pounds BOD /day/acre) for this loea- 
tion. 


It was assumed that data aequired in 
realization of these objectives would 
permit additional insight 
phenomena, processes, and 
ships. 


into basic 


relation- 


Description 


Fayette is situated in central Mis- 
souri, about midway between Kansas 
City and St. Louis, at an elevation of 
640 ft above mean sea level. The 1950 
population 3,144, including ap- 
proximately 400 resident students of 
Central College. The sewered popula- 
tion has been estimated at 2,700 and 
some seasonal variation coincides with 
college schedules. Municipal wastes 
include the normal small industries, 
laundries, slaughterhouses, and locker 
plants. 


was 


Floor washings from a ‘‘pig 
parlor,”’ or automatie hog feeding pen, 
were discharged to the municipal sys- 
tem during much of the period covered 
in this report (May 1957 to May 195s). 


Treatment Facilities 


The lagoon or ‘‘pond”’ 
is shown in Figure 1. 


installation 
Sanitary sewer 
lines (marked by heavy lines at upper 
left) end at a wet well, from which 
sewage is pumped up to the distributor 
shown in Figure 2. A bypass line ex- 
tends from a manhole to the creek 
as indicated. The piping system di- 
agrammed on the photograph allows 
selective division of the load 
among the various units, series opera- 
tion, etc. Sewage is apportioned to 


sewage 
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shown by heavy black lines and bypass line by black arrow at left center. 
indicate feed pipes from the distributor and intercell communications. 
(Photo, courtesy St. Louis Post Dispatch.) 


sible directions of flow. 


various units as dividing 
flow off the conical distributor apron 
with movable partitions. 
sary to install an annular orifice around 
the upper part of the cone to secure 
uniform distribution down the apron. 
Excess through 
holes to the 15-aere lagoon. 


desired by 


It was neces- 


sewage passes waste 

The five small ponds are each 1 acre 
in area when filled to a depth of 5 ft, 
and %4 aere each when liquid is 214 ft 
deep. The minimum possible overflow 
level is 24% ft; the maximum opera- 
tional depth is about 6 ft. The large 
pond is 15 acres in area at its 
operating depth of 38 ft. It 
effluent from the small ponds and raw 


usual 


receives 


sewage not used in their loadings. 


Methods of Study 


The initial division of 
small units provided 5-day 20°C BOD 
loadings of 20, 40, 60, 80, and 100 Ib 
day/aere. Cells were maintained at a 
depth of 21% ft and actual BOD load- 
ings to the °4-acre units were 15, 30, 
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ge and outlet lines are 
White lines 
Arrows show pos- 


$5, 60, and 75 Ib/day. Raw 
load to the large cell, which 
ceived effluent from the small 
was about 15 lb BOD /day /aere. 

Raw sewage was composited over a 
24-hr period with a device that with- 
held and delivered to a 
container a 


sewave 
also re- 


units, 


refrigerated 
volume from the 
quantity delivered during each opera- 
All lagoon samples 
were grabs from the effluents, as were 
coliform from raw 
Analyses for temperature, pH, alka- 
linity, oxygen, BOD, nitrogen eyele, 
organie phosphorus, phosphate, chlo- 


small 
tion of one pump. 


samples sewage. 


ride, detergent, coliform-type bacteria, 
and plankton were according to ‘‘Stand- 
ard Methods’’ (8) 
measurement of precipitation, evapora- 
tion, wind 
and minimum air temperature were in- 
stalled by the U.S. Weather Bureau in 
July 1957. Solar 
corded on a 


Instruments for 


movement, and maximum 


radiation was re 
ork pyrheliometer 
that had been rated against a standard 
Weather Bureau Most 


analyses were performed once or twice 


cloekw 


instrument. 


G04 

4 
4 

< 

FIGURE 1.—Aerial view f Favette facility Raw sev 4 
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a week. Oxygen was often measured 
daily, and on occasion several times a 
day. Plankton samples were collected 


at weekly and biweekly intervals. 


Climatological Features 


Monthly summaries of climatological 
data are given in Table I. Solar radia- 
tion measurements began in June 1957. 
Evaporation and wind records for May, 
June, and July are from a weather sta- 
tion 10 miles south at New Franklin, 
Mo. Evaporation was not measured 
over the period November—March. 

Maximum average monthly tempera- 
ture occurred in July and the minimum 
in February. The highest average 
temperatures did not occur during the 
month with highest listed average solar 
radiation; but the pyrheliometer was 
inoperative over the period June 27- 
July 9, inclusive, and the average value 
listed for July is probably low. Ree- 
ords for December are complete, and 
only four days are lacking for Febru- 
ary, so it would appear that solar radia- 
tion decline is but one of several fae- 
tors contributory to low temperature. 


butor. 
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Total precipitation over the 13-month 
period exceeded evaporation from 
ponds by 4.18 in.; greatest precipita- 
tion occurred in May and June, and 
the highest rate of evaporation was in 
June and July. December and March 
were the windiest months, and July 
and August the calmest. 


Raw Sewage 
Quantity 


Sewage volume was measured by tim- 
ing daily pump operation. Average 
daily volume varied from 0.159 mgd in 
August 1957 to 0.276 mgd in May 195s. 
The over-all mean was 0.216 med 
(Table IL). The sewers allow appreci- 
able infiltration. 

Hydraulic loadings to various ponds 
are given in Table III. Volumes to 
Cells 1-5 are given in increments of 
7,000 gal, as the caleulated diversion to 
Cell 1 was 6,985 gpd. 

Sewage flow suffered a number of 
interruptions occasioned by pump fail- 
ures and their inadequacy to handle 


large amounts of storm water. Sewage 


An annular orifice was later installed around the 
upper cone and the entire assembly then enclosed in a frame building. 


* 
: 
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TABLE I. 


Month 


1957 


May : 

June 83.1 63.1 
July 80.4 79.3 69.2 
Aug. 88.4 76.4 64.3 
Sept. 79.0 65.6 52.1 
Oct. 65.8 11.6 
Nov. 51.1 11.6 32.3 


Dee. 
1958 


Jan. 


Feb. 32.6 13.8 
Mar. 12.9 30.2 
Apr. 63.8 12.4 
May 75.8 52.9 


Totals 


was completely bypassed 13 days and 
partially excluded during 20 days of 
the 13-month period. Most trouble oe- 
eurred in March 1958, when it 
necessary to bypass 5 days and par- 
tially divert on 11 days. 


Was 


Quality 
All analyses except coliform-type 


bacteria were performed on 24-hr com- 


TABLE II.—Average Daily Raw 
Sewage Flow 


Month Flow 

1957 med 

May 0.23 

June 0.186 
July 0.169 
Aug. 0.159 
Sept. OATS 
Oct. 0.207 
Nov. 0.212 
Dee. 0.216 
1958 

Jan. 0.231 
Feb. 0.242 
Mar. 0.245 
Apr. 0.270 
May 0.276 
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Monthly Summaries of Climatological Data 


Avg Solar 


Precipi- Evaporation 


tadiatio Vine 


2,246 
553 5.10 1,624 
550 $43 5.35 1,437 
515 1.02 5.18 964 
388 2.05 doe 2,023 
286 2.80 2,925 
1.70 3,280 

117: 


276 1.20 3,682 
320 2.10 $396 
146 1.50 3.9] 3,809 
552 6.32 1.61 2,246 


34.99 


posites and therefore do not indicate 
daily variation or oxygen and tempera- 
Monthly and over- 
all averages and pH ranges are indi- 
cated in Table LV. 


and organie nitrogen values represent 


ture measurements. 
Organie phosphorus 


the differences between total values and 
phosphate and ammonia, respectively. 
Syndet and hardness analyses were dis- 
continued when interfering substances 
developed in pond water. 

Preliminary analyses in February 
and March 1957 indicated an average 
BOD load of 480 lb/day, and adjust- 
ment of distributor to give the planned 
loads of Table II] 
Average BOD concentration over the 
13-month 274 mg/l, and 
mean load 457 Ib/day. 


was on this basis. 


period Was 


Pond Characteristics 
Appearance and General Conditions 


Sottoms and dikes were formed of 
compacted clay soils native to the area. 
These soils proved to be satisfactorily 
resistant to infiltration, but undiseov- 
ered agricultural tile fields drained 


water from Cells 1, 2, and 6 at the be- 


> 
| 
4 
: 
“4 } Air Temperature P) | 
| 
we Ave Ave 
“ 
18.7 38.0 97.2 
a 
| ; 
if 
} 
| 
4 | 
| 
Avg. 0.216 
3 | 
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TABLE III.—Average Daily Raw Sewage Load to Lagoons 


| 


Volume (gpd) 
Area Deptt 
Cell acres ft 
| 
Per Cell | Per Acre 
2.5 7,000 9,000 
2 0.75 2.5 14,000 18,000 
3 2.5 21,000 28,000 
0.75 2.5 28,000 37,000 | 
5 0.75 2.5 35,000 47,000 
3.0 7,000 


ginning of in November 
1956. Lines leading into lagoon bot- 
toms were eventually plugged and no 


operations 


detectable loss to ground occurred after 
May 1957. Dikes were seeded during 
the fall of 1956 and became well-cov- 
ered with vegetation during the sum- 
mer of 1957. KFescue grass became the 
dominant growth in early summer 1958. 
Dikes were noticeably eroded by rains 
prior to establishment of the vegeta- 
tive cover. 


Appearance of Phytoplankton 


Pond 6 developed populations of 
algae shortly after introduction of sew- 
Earliest 


age 


arrivals were Chlamy- 


domonas and Euglena, both of which 


TABLE IV.—-Raw Sewage; Average Analysis Results 


Org NH 


| 


BOD (tb) 
retical 
Deten- Planned | Realized 
tion | 
Per Cell | Per Acre Per Cell | Per Acre 
87 15 20 15.2 20.3 
44 30 10 30.4 40.5 
20 15 60 15.6 60.8 
22 60 SO 60.58 S1.1 
17 75 100 76.0 101.3 
8 25. 220.0 15.3 


grew attached to bottoms and 
pended in shallow water. Green color, 
onee developed, was generally main- 
tained in all ponds until February 
1958, when water in some cells turned 
gray or colorless. Initial buildup of 
operational volume in Cell 6 posed no 
problems, as algae appeared when wa- 
ter was about 1 in. deep and the bottom 
but partially covered. Units 1-5 de- 
veloped noticeable algae on December 
28, 1956. Their filling was frequently 
interrupted. 


Sus- 


Algal Mats 

Planktonic and bottom-adhering (ben- 
thic) algae were the only types present 
until June 1957 when floating blue- 


} | 
Org -| NOx NOs Chlo- | Deter- | 
Month pH Alk BO P N | N | ride | gent | 
mg | mg‘ ne mg 1) | (mg/l) | (mg/l) | (mg/l) | (me) | (me 


1957 


May 7.1-7.3 | 224 254 12.9 | 25.7 S4 
June | 6.9-7.2) 256 314 12.8 30.2 | 115 
July |6.8-7.2| 240 | 279 | 15.2 | 38.9 | 134 
Aug. | 6.6-7.2| 246 266 13.5 | 33.1 | 133 
Sept. 6.6-7.3| 241 308 10.6 26.4 136 
Oct. 6.9-7.2| 222 280 11.7 | 29.3 | 105 
Nov. | 7.0-7.2!} 260 266 15.5 | 39.8 | 189 
Dec. 72 276 310 15.7 | 38.6 | 186. 


1958 


Jan. 7.0-7.2| 282 270 18.0 | 39.0 
Feb. | 6.9-7.2| 290 223 7.0 | 21.4 
Mar. | 7.1-7.2| 279 252 8.7 | 26.7 
Apr. 7.0-7.6) 241 | 195 4.4 | 16.0 100.2 
May |7.0-7.1| 262 | 252 |} 


19.5 O01 O2 60 23,532,857 
26.4 0.00 0.04 51 38,380,000 
3224 0.00) 0.06 $3,500,000 
31.1 0.00 | 0.06 55 25,300,000 
32.5 | 0.00 | 0.2 57 1.1 | 31,250,000 
6.0 0.00 O38 60 1.0) | 37,100,000 
41.8 | 0.00) 0.25 69 0.5 68,000,000 
6.5 000 O38 | 


68,000,000 


39.0 0.00 $3,000,000 
27.1 | 0.00 | 

35.7 0.0 18,433,333 
24.0 0.00) 15,766,667 
26.0 0.1 


16,766,667 


0.00 
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green mats, largely composed of Oscil- 
latoria and Phormidium, appeared in 
some cells and endured 
periods of time. They seemingly de- 
veloped from or on wind-concentrated 
patches of detached benthic algae 
ally Phormidium) that often floated to 
the surface. The later growths bound 
these patches together, often forming 
a surface firm enough to support small 
sandpipers. Coloration 
volved a light blue or whitish 
ground with numerous — blue-green, 
brown, green, and black splotches or 
bands. 


for varying 


usu- 


usually in- 
back- 


Green patches examined were 
composed of Chlamydomonas and/or 
Euglena, but other organisms probably 
Mats most frequently 
wind driven to the south banks of those 
lagoons in which they developed, but 
they moved from shore to shore with 
changes in wind direction. Surface 
disturbances by wind action were not 


were 


observed to destroy or sink the mats, 
but they were soon broken up by mod- 
erate or heavy rains. However, they 
re-formed within a few days in hot 
weather. Mats emitted characteristic 
pigpen odors that were frequently de- 
tectable for distances of 20 to 50 ft. 
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Greatest mat development was at- 
tained in Cell 6 (Figure 3). 
involved 


and often 
acre or more. 
Cells 1 and 2 frequently had as much 
as 20 per cent of their surfaces so oe- 
eupied; but mats occurred 
quently in Cells 3, 4, and 5, and when 
present were restricted to narrow mar- 
ginal strips. Loadings in excess of 60 
lb BOD /day/acre maintained dense 
plankton populations that probably de- 
prived bottom growths of needed light. 


areas of an 


fre- 


less 


Ice Cover 


Thin ice was first noted in the early 
morning on November 9, 1957. Weak 
that endured a 
few hours or all day were common from 
then until December 11, when all cells 
became inlets. 
This condition persisted until January 
10, 1958, when open channels developed 
from inlets to outlets in Cells 3, 4, and 
). Melting continued and ice left all 
units on January 16. 


partial covers of ice 


covered except over 


It reappeared 
on January 22 and developed complete 
(except for inlet areas 


covers on Jan- 


uary 23; final thawing began February 
23 and all 
February 26. In 


surfaces were ice-free on 


response to greater 


FIGURE 3.—Blue-green algal mat in southeast corner of Cell 6. 


fe 
eg 
; 
: 
“sa 
: 
> 
2 
f 
a 


Vol. 33, No. 6 


quantities of warm raw sewage, Cells 4 
and 5 thawed more rapidly than other 
ponds and lost all ice on February 24. 
Open water extended from inlets  to- 
ward outlets on February 4, but did 
not quite reach the latter openings, and 
partial channels refroze on February 6. 
Snow covered the ice from January 23 
until early February, and from Febru- 
ary 11 to February 22. Greatest thick- 
ness of ice (February 16) 


was 31% in. 

Open strips from inlets to outlets in 
Cells 3, 4, and 5, in mid-January, and 
from inlets to near outlets in early 
Kebruary, resulted from short-circuit- 
ing seemingly induced by strong north- 
west winds that melted ice with warm 
water pushed from openings above in- 
lets. Sueh direct short-circuiting was 
apparently possible only with ice cover, 
as no evidences of such action 
found when surfaces were open. 


were 


Color 


Water light to dark 
green or yellow-green color in all ponds 
from start of operation in fall of 1956 
until ice cover appeared during the 
1957-1958 winter. Rains carried quan- 
tities of silt into the sewers and gray 


maintained a 


streaks or layers usually oceurred in 
the l-aere ponds after each storm and 
in Cell 6 after prolonged downpours. 
Cell 4 lost its green color and turned 
gray after ice formed in January; 
others varied from light to dark green 
in color when ice melted on February 
24. 


Cell 5 became gray on February 
28, but all others remained green. 


Cell 


4 became green again on March 24, and 


Cell 5 on March 25, 1958. 
Odors 
Other than those from blue-green 


algal mats, odors were absent until ice 
cover began to melt on February 235, 
1958. At that time, a slight sulfide 
scent was traced to Cells 4 and 5. This 
odor became stronger on February 26 
and endured downwind for a distance 
of 550 ft. Cell 3 was then a contribu- 
On February 28, Cell 3 had no 


tor. 
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scent; but sulfides leaving Cells 4 and 
5 were still detectable for 550 ft. On 
March 2, odors could be detected about 
50 ft from the margins of Cells 3, 4, 
and 5. This condition continued until 
Cell 3 lost its odor on Mareh 9, Cell 4 
on March 24, and Cell 5 on March 26. 


Pond Analyses 


Physical Features 
Temperature 


Lagoon surfaces showed a general 
uniformity of temperature, and indi- 
vidual monthly averages never differed 
as much as 1°C, 
temperatures 


Maximum average 
occurred in July and 
minimums in December, January, and 
February. The range of monthly aver- 
ages is given in Table V. 
Chemical Features 

Average monthly levels, pH ranges, 
and monthly maximum and minimum 
oxygen concentrations and per cent 
saturation are listed by cell number in 
Table V. All analyses represent sur- 
face water as it entered the outlet pipe; 
tests made in Cells 3, 4, and 5 were af- 
fected by sewage when short-circuiting 
developed January 10 and February 4. 


Hydrogen Ion Concentration 
g 


As is characteristic of most natural 
waters with phytoplankton, pI levels 
clearly indicated the predominance of 
photosynthesis 
position. 


or respiration-decom- 
No soluble normal carbonate 
(COs) occurred in waters entering the 
ponds; hence, (a) pH values above 8.0 
were produced by a_ photosynthetic 
rate that demanded more carbon di- 
oxide than quantities furnished by res- 
piration and decomposition, and (b) 
pH levels below 8.0 indicated failure of 
photosynthesis to utilize completely 
amounts of COs so produced. In the 


first ease, bicarbonate was 
broken down to provide COs, and the 
by-product CaCO; (normal carbonate) 
elevated pH fairly well in proportion 
to photosynthetic 


intensity, despite 
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losses to precipitation. In the second 
case, COs arising from decomposition 
and respiration converted CaCOs back 
to Ca( HCOs)s, frequently 
with precipitated COs, and lowered pli 
below 8.0 when all COs utilized 
and free COs accumulate. 
These reactions influenced 
linity and hardness. 
Photosynthesis the dominant 
Cells 1 and 2 during all 
months except December. 


combining 


was 
began to 
also alka- 
Was 
process in 
Decomposi- 
tion-respiration was dominant in Cell 
3 in January and February; in Cell 4 
from November to March; and in Cell 
5 in February and March. In Cell 6, 
decomposition-respiration domi- 
nant only in May 1957; photosynthetic 
influences were quite pronounced over 
the period December—April, when they 
were least evident or lacking in other 
units. Diurnal variation in pH that 
accompanies changing rate 


Was 


oft photo 
synthesis is described at the end of the 
section on alkalinity. 


Alkalinity 


Alkalinity concentration is also con- 
trolled, within 
source of supply, by photosynthesis and 


limits permitted by 


decomposition-respiration. | Photosyn- 
thesis decreases alkalinity by 
ing weakly soluble CaCO; that tends to 


produe- 


precipitate ; decomposition and respira- 
tion increase 
lost normal! 
tion as Ca( HCO. 

Table V indieates CO, and HCOs al 
kalinity. Some 
eribed to changes in raw sewage (refer 
to Table IV) and level of alkalinity in 
the ponds may not always exactly re- 


alkalinity by bringing 


earbonate back into solu- 


variation may be as- 


fleet degree of photosynthesis and/or 
should 


also be borne in mind that solubility of 


decomposition-respiration. — It 


COs varies with temperature. 

In Cells 1 and 2, some COs. 
month, although COs for- 
mation equalled or exceeded it over the 
month of December. Cells 3, 4, and 5 
produced no CO; during those months 
with zero values for CO, alkalinity, 


Was pro- 


dueed each 


JOURNAL 


WPCF 1961 


June 


when it may be assumed that limited 
photosynthetic activity was inadequate 
to utilize current COs evolution. Cell 
6 lacked COs only during May 1997; 
it enjoyed a near maximum rate of pro 
duction in winter and early spring 
when other ponds were at or approach 
ing their minima for the 13-month pe- 
riod. Carbonate alkalinity frequently 
exceeded bicarbonate alkalinity during 
more active seasons of photosynthesis 
(Table V Bicarbonate alkalinity did 
not occur in June samples from Cell 3. 

Measurements made July 18 and 19, 
1957, show reactions 


certain chemieal 


to changing rate of photosynthesis 
(Table VI The 
various cells differed in their degree of 
response, but they all showed the same 
diurnal pattern 


over a 2s-hr period, 


that is, a buildup of 
pH, carbonate alkalinity, and oxygen, 
after 
noon, and declines during the hours of 


from early morning until late 
darkness Bicarbonate alkalinity de 
creased with continuing daylight, reach 
ing zero yalues in all 
and inereased during the night. 
synthetic 


cells except 6, 
Photo- 
effects on chemistry grew 
with increasing light intensity and pas 
time. They with the 


coming of darkness; respiration and 


sage of ceased 
decomposition could then alter chem 
istry with unopposed CO. production, 
Alkalinity transformation during day 
light the 
dominance exerted by photosynthesis. 


hours indicates extent of 
Absence of this process at night allows 
conservation of alkalinity and earbon 
dioxide as newly produced COs is able 
to react with CO; to rebuild supplies 
of soluble carbonate (Ca( HCO. 


so escape loss from diffusion to the at- 


and 
mosphere. 


Biochemical Oxygen Demand 


( (9 10 
11) have indicated various pitfalls at- 
tendant to BOD measurement of algae 


Previous studies (3 


laden waters or effluents. Respiration 
of algae increases oxygen consumption 
in samples incubated in darkness, and 


their photosynthesis may be expected 
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to increase oxygen concentration if ex- 
posure to light is allowed. Filtering 
will remove algae, but will also take out 
particulate non-living organie matter 
whose oxygen demand is a valid part of 
BOD. Alternation of light and dark 
periods during 
found to mask or partially obscure oxy- 


incubation has been 
gen consumption. 

It has been that 
containing actively photosynthesizing 
phytoplankton have no BOD or minus 
30D’s if oxygen is maintained above 
the saturation level. This view may 
appear justified, especially if super- 
saturated levels are maintained over- 
night, but it may lead to the erroneous 
assumption that supersaturation repre- 


suggested waters 


sents complete oxidation or stabiliza- 
tion of waste organic matter. It ap- 
pears wise at this time to recognize all 
known variables and actions that cast 
doubt on the applicability of BOD 
measurement of stabilization pond ef- 
fluents, but yet acknowledge that the 
analysis in some degree reflects a resid 
ual of organie matter that may be used 
provisionally as an indication of treat- 
ment efficiency. 

Average eftluent BOD’s (Table V 
showed some relationship to load, with 
a major increase between 40 and 60 Ib 
BOD /day /acre (Cells 2 and 3 
ever, 


: how- 
there were no significant differ- 
ences in averages among loadings rang- 
ing from 60 to 100 lb BOD /day /acre 


(Cells 3, 4, and 5 Cells 3 and 4 


showed marked increases in January 
and February 1958, and Cell 5 in Feb- 
ruary, that were evidently occasioned 


by short-circuiting of raw sewage di- 
rectly from inlet to outlet. Cells 3, 4, 
and 5 lost all oxygen under ice cover 
in February and remained devoid of 
oxygen for a number of days after ice 
melted in early March. Cell 3 coneen- 
trations in February and March were 
not significantly different from those 
1957, 


ment of these values, particularly those 


noted in summer of and assign 
of Mareh, to unstabilized organie mat- 
ter instead of algae appears question 


able. In Cells 4 and 5, unaltered or 
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June 1961 
slightly changed 
were involved in Mareh concentrations. 

Highest BOD’s, except those refer- 


sewage components 


able to short-cirecuitinge of raw sewage, 
were usually present when oxygen sat- 
uration was near its recorded peaks. 
Maximum saturations in Cells 3, 4, and 
5’ in July were contemporary to a no- 
ticeable BOD decline, but an increase 
was evident Cells 1] 


then in and 2. 
Measurable represents a 


oxygen m0o- 
mentary surplus and concentration is 
not always indicative of maximum pho 
tosynthetie rate (see 
Nevertheless, algae 
were involved in the majority of higher 
BOD concentrations, and were directly 


under 


discussion 


oxygen section 


associated with average monthly levels 
BOD’s that were 
mainly due to unoxidized or unstabi- 
lized 


as high as 57 mg/I. 


much 
greater ; oxygen demands of this nature 
were most pronounced in Cell 3. in 
January and February, and in Cells 4 
and 5 in February and March. Cell 
4 was affected by photosynthesis in 
March, and its average BOD was less 
than in February. It is possible that 
the fall in BOD concentration that oe- 
curred in Cells 3, 4, and 5 in November 
and December coincided with a decline 


sewage elements were not 


in algal activities. 
Oxygen 


Photosynthesis 
for any 
aerobie conditions. 


appeared necessary 


prolonged maintenance of 
In summer months, 
oxygen consumption usually ap 
proached, equaled, or exceeded its pro 
duction on a 24-hr basis; 

**pulse”’ 
nomenon, 
during 


and an oxy- 
gen was a normal daily phe- 
All low or zero values shown 
seasons when average values 
were in supersaturated ranges repre 
sent samples taken at or 


ebbs, and 


near daily 


maximum saturation levels 
usually represent conditions at or near 
daily maxima (Table V Character- 
istic oxygen pulses, accompanying di 
urnal pH, and alkalinity variation, are 
given in Table VI. 


of analysis is all-important in evalua 


As indicated, time 


tion of maximum photosynthetie rate. 


. 

ag 

. 
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In stabilization and other 


waters heavily laden with algae, meas- 


ponds 


urable oxygen largely represents photo- 
synthetic production minus (@) con- 
sumption by decomposition and respira- 


tion and (b) loss by diffusion to the 
atmosphere after supersaturation is 
reached. In view of the rapid declines 


to zero values that occurred when la- 
goon photosynthesis was interrupted by 
daily or seasonal factors, it is apparent 
that with ab- 
sorption from the atmosphere rarely if 
ever supplied more than a fraction of 
the decomposition-respiration demands. 
Hence, it that 
urable oxygen generally owed its exist- 


these loadings oxygen 


may be assumed meas- 
Variation in 
rate of consumptive and diffusion loss 
the 
photosynthetic process as determined 


ence to photosynthesis. 


could possibly mask intensity of 
Yet, in gen- 
that 
highest rate produced the greatest OXY- 


by oxygen measurement. 
eral, it appears safe to assume 
gen. concentration most of the time. 
Photosynthesis and decomposition-res- 
piration apparently reached their peaks 
at the same times of the year; maxi- 
mum oxygen production in each cell, 
except No. 6, was probably represented 
by its highest average monthly value. 
Higher O, concentrations were usually 
associated with high pH values. 

Except for ebbs in diurnal ‘* pulses,”’ 
oxygen effluents 
until ice cover appeared in the winter 
of 1957-58. Sulfide odors endured for 
several following breakup, but 
Cells 1 
and 6 never lacked oxygen for as long 
as 24 hr; other units lost Oy for one 
day in December, and for a prolonged 
period in February and March. Oxy- 
genless conditions persisted for as long 
as 35 days, but not for the duration of 
any calendar month. 


was maintained in 


days 
were not noted at other times. 


Certain chemical features associated 
with development of and recovery from 
the oxygenless condition induced by 
ice cover in Cells 3, 4, and 5 are given 
in Table VII, which presents a day-by- 
day picture. this table 
clearly demonstrate the dependence of 


Entries in 


STABILIZATION PONDS 
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oxygen on photosynthesis in these sta- 
bilization ponds. In Cell 5, reappear- 
ance of oxygen was accompanied by 
elevations in pH and 
HCO, alkalinity that more 
marked and led to development of CO; 
alkalinity as oxygen concentration in- 
creased over the period March 11 to 
21. In Cell 4, return of oxygen was 
delayed until March 25, but its subse- 
quent buildup involved increases in pH 
and declines in alkalinity that later re- 
versed themselves as decreased. In 
Cell 5, oxygen recovery and pH and 
alkalinity alterations were slower but 
showed the same relationships. 


reductions in 
became 


Alkalinity and pH variation also ac- 
companied changes in oxygen concen- 
tration that occurred just before its 
exhaustion in each of Cells 3, 4, 
in February. At that time, oxygen 
concentration remained far below the 
saturation level, but pH and alkalinity 
changes clearly indicated that quan- 
tities present owed their origin to pho- 
tosynthesis. Under i no ab- 
sorption from the air was to be ex 
pected ; however, after ice melted, re- 
turn of measurable and its 
later variation, were with 
pH and alkalinity changes character- 
istic of photosynthesis. 


and 5 


ie cover, 


oxygen, 


associated 


Absorption 
from the atmosphere apparently plays 
a very minor role in supplying oxygen 
requirements. 

Oxygen production varied in differ- 
ent cells, as indicated in Table V and 
Figure 4, but seasons of highest aver- 
age values were generally the same for 
all units except Cell 6, which began an 
increase in oxygen production in De- 
cember after other units declined. 


Organic Phosphorus 


No particular relationship of organic 
phosphorus to loading can be claimed. 
Concentration varied from 0.4 to 5.3 
mg/l. No pronounced seasonal differ- 
ences were noted. <A slight elevation 
was measured in Cells 3 and 4 in Jan- 
uary. Organie P ranged noticeably be- 
low PO, in all cells (Table V). 
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Phosphate (P04) 


Although with two to three times the 
concentration of organie P 
to 14.7 mg/l), phosphate showed about 
the same degree of uniformity over the 
seasons. 


(range 3.8 


Definite elevations occurred 
in Cells 3, 4, and 5 over the January to 
March period, and Cell 2 had a barely 
Utiliza- 
tion of phosphorus compounds is dis- 
cussed in the section on efficiency. 


discernible rise in February. 


Organic Nitrogen 

13.5 
mg/l) occurred in units with loadings 
at and in excess of 60 Ib BOD/day 


acre, 


Highest concentrations (up to 


Cell 3 experienced a sharp in- 
crease in November, and concentration 
remained at a high level as long as Ou 
was below saturation. 
again in March. 


Decline beean 
Cells 4 and 5 had in- 


TABLE VIiIa. 


JOURNAL 


Development of and Recovery from Oxygenless State 


WPCE June 1961 


creases in February and March, and 
declines in April, followed by sharp in- 
creases in May (Table V Cells with 
lighter loads rather insignifi 
cant fluctuation after June 1957. 


showed 


Ammonia Nitrogen 


Ammonia nitrogen closely followed 


the course set by organic nitrogen 
across the seasons in all cells except No. 
3, in which it did not until 


January. Its concentration usu 


increase 
Was 
ally at or very near the average value 
shown by organic N each month. Its 
average concentration was also highest 
in Cells 3, 4, and 5. 


Nitrate Nitroge n 
Nitrate 
quite low in the 


concentration Was always 


raw sewage and it 


never increased significantly in the 


Imposed by Ice Cover, Cell 3 


Date 
1958 


2 7.5 0.0 243 3.6 
2 0.0 228 1.4 
2 7.5 0.0 33 2.6 
2 0.0 
0.0 
2 0.0 
2 | 0.0 
2 0.0 
2 0.0 
0.0 
2 0.0 
0.0 
3 0.0 
3 0.0 
3 0.0 
3/6 0.0 
3/7 ro} 0.0 232 0.0 
3/10 i 0.0 235 Tr. 
3/ll | 7.5 0.0 2123 8.8 
3/12 7.9 0.0 199 14.6 
3/13 | 8.0 0.0 195 15.8 
3/14 | 8.1 1.0 188 17.8 
3/17 {| 8.0 184 19.2 
3/18 8.4 1S.0 173 22.8 
3/19 | 8.8 | 38.0 149 26.4 
3/20 | 90 | 58.0 131 30.2 
3/21 | 9.3 62.0 120 34.1 
3/26 | 


BOD Temy Col 
mg | ( Cover MPN 


2.0 Present 
2.0 Pre sent 
2.0 Present 
2.0 Present 
2.0 | Present 
2.0 Present 
2.0 Present 

| 6.0 Thawing 
8.0 Thawing 

6.5 | Absent 
5 Absent 
5.0 | Absent 
5.0 | Absent 
5.0 | Absent 

60 5.0 Absent 93,000 504 

5.0 Absent | 
15 Absent 
5.0 Absent 
5.0 Absent 
5.0 Absent 
5.0 | Absent 
5.0 Absent 
5.0 Absent 
5.5 Absent 
5.5 | Absent 
39 5.5 Absent 34,000 

6.0 | Absent 

5,004 


ey, 
AS 
: 
: 
CO yto 
| ( ) nr 
mg/l gl ppm 
vol.) 
: 
; 
— 


TABLE VIIb. 


STABILIZATION PONDS 


Development of and Recovery from Oxygenless State 
Imposed by Ice Cover, Cell 4 


Phyto- 
BOD | Temp. Ice Coliform | plankton 
Cover (MPN) (ppm 


vol.) 


2 7. 24: 2.0 | Present 5,510 
2/7 7.5 0.0 240 2.0 |} 2.0 | Present 
2/10 7.8 0.0 233 1.0 2.0 | Present 
2/11 vB 0.0 241 3.0 65 2.5 Present 2,359 
2/12 7.7 0.0 245 3.0 2.0 Present 
2/13 7A 0.0 247 2.0 2.0 | Present 
2/14 0.0 246 1.0 Present 
2/17 7.4 0.0 243 3.0 2.0 Present 
2/18 7.3 0.0 248 0.0 2.0 Present 
2/19 0.0 2.5 Present 
2/20 0.0 2.5 | Present 
2/21 0.0 2.5 Present 
2/22 0.0 2.5 | Present 
2/24 0.0 5.5 Absent 

2/25-3/4 0.0 Absent 
3/5 0.0 57 5.0 | Absent 93,000 8 
3/6 0.0 5.5 | Absent 
3/7 0.0 238 00 5.0 Absent 
3/10 7.3 0.0 238 0.0 1.5 | Absent 
3/11 7.3 OO 224 0.0 1.5 Absent 
3/12 7A 0.0 210 00 5.0 Absent 

3/13-24 | 7.3-7.4 0.0 210-226 0.0 165 (3/20) 5-6 Absent 93,000 (3/20 
3/25 7.4 0.0 223 0.5 Absent 
3/26 7.9 0.0 215 12.0 | 8.0 | Absent 1,119 
3/27 8.3 12.0 204 15.0 | 9.0 | Absent 
3/28 8.7 18.0 169 5.0 | 11.5 | Absent | 
3/29 8.5 22.0 107 17.0 55 10.0 |) Absent 93,000 
3/31 &.8 34.0 17.0 10.0) Absent 


lagoons: in fact, it disappeared from 
lagoon effluents for months at a time 
(Tables [V and V Algae readily use 
nitrogen in the ammonia state, and ap- 
parently limit nitrification activities to 
that phase. During many months, they 
apparently also exhausted the sparse 
amounts of nitrate entering in raw 
sewage, 

Nitrite present in raw 
only during May 1957, and was never 
found in lagoon effluents. Its absence 
emphasizes lack of nitrification beyond 
the ammonia stage. 


Was sewave 


Chloride 


Reeords chloride content eover 
only part of the period reported herein, 
and but minor 
variation. sewage showed a no- 


on 
eells exhibited 
Raw 
ticeable increase in November that was 
not matched in any Higher 


most 


lagoon. 


than usual levels characterized raw 
sewage and Cells 2, 3, 4, and 5 in 
February. 


Detergent (ABS) 


The analysis for detergent (ABS) 
was discontinued in December 1957. 


Biological Features 
Coliform-Type Bacteria 


MPN’s of coliform bacteria reached 
their highest levels in cells with heavier 
loadings and shorter retention times 
(Table V). However, numbers of 
these organisms were not consistently 
creater in these cells (3, 4, and 5), and 
in them dropped to and remained for 
some time in summer and fall at ranges 
then displayed by effluents from units 
with lighter loadings and greater re- 
tention times. Highest monthly aver- 
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Date 
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TABLE 


7.5 0.0 234 20 

7.6 0.0 232 1.0 

2/10 7.9 0.0 229 6.0 
0.0 234 6.0 
2/12 | 78 | 0.0 232 6.0 
| 60 243 5.0 
2/14 7A 0.0 245 3.0 
2/17 | 7.6 0.0 239 1.0 
| 0.0 242 2.0 
2/19-22 | 0.0 
2/24-3/4 | 0.0 
3/5 0.0 
3/6 | | 0.0 


0.0 | 224-240 0.0 
0.0 243 0.0 
7.3 0.0 | 238-246 0.0 
7.5 0.0 241 0.3 
1D 0.0 242 »() 
00 244 1.0 
“0 0.0 235 6.0 
76 99 


ages occurred in March in Cells 1, 4, 
and 5; February records are lacking 
Cells 2 
coliform 


because of equipment failure. 
and 6 highest 
concentrations in May 1957, but they 


experienced 


also showed an increase in March 1958. 

The lack of February records pre 
cludes assessment of the effects of short 
circuiting, and gives no assurance that 
maximum levels 


representative were 


measured. Detention time probably re 


mained constant in each pond, and 


conditions in each must be assumed 
responsible for greater coliform sur- 
vival in late winter and early spring. 
Temperature had about the same range 
from December through February, and 
if low temperature was chiefly instru 
mental in 
reasonable to look for elevations in No 


vember and December, which did not 


greater survival, it seems 


occur. It is possible that some short- 


circuiting oceurred in Cell 5. beeause 


one March sample measured 1,100,000 
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Development of and Recovery from Oxygenless State 
Imposed by Ice Cover, Cell 5 


BOD 


June 1961 


Phyto. 
plankton 
) (ppm 

vol.) 


emp. 
C) 


Coliform 
Ice Cover 


2.0 Present 3,641 
2.0 Present 
2.0 Present 
77 2.0 Present 41 
2.0 Present 
2.5 | Present 
2.0 Present 
2.0 Present 
2.0 Present 
2.0 Present 
5.0-6.8 Absent 2/24 
65 Absent 240,000 61 


1,100,000 


93,000 


MPN, but concentration in other cells 
was rather uniform. 
Phytoplankton 


Qualitative Aspe cts 


Nineteen 
organisms were observed in the plank- 
Morphological 


change that commonly affeets a number 


genera of 


photosynthetic 
ton of the SIX ponds. 


of organisms when they enter the sew- 
age pond environment (12) made spe- 
cific identification uncertain or impos 
Most genera 
were represented by only one species. 


sible in a number of cases. 


The following indicates number of spe- 
cies for each genus and gives specific 


where identification 


names was con- 
sidered valid: 
Green Algae 
Volvocales 
Chlamydomonas spp. (3) 


Chlorogonium elongatum Dan 


reard 


24 
| 7 | | 
Date CO HCO | 
1958 PH Alk. Alk | 
- 
ag 
ag 
1.5-5.5 Absent 
3/20 - 
a 3/2195 
| 6.0 \l sent 
3 9.0 Absent 633 
ag 3/28 | 12.0 | 
Absent 
3/29 ov 10.0 | Absent 
7 } 
3/31 10.0 Absent 
4/1 | 11.0 Absent : 
4 7.9 0.0 242 7.0 11.0 
1/7 8.1 1.0 183 10.0 11.0 
_ 1/10 8.7 26.0 152 22.0 11.0 Absent 5.676 
: 
+. 
oe 
| 
| 


Pascheriella tetras Korshikov 
Pandorina morum Bory 
Carteria sp. 
Chlorococeales 
Chlorella vulgaris Beyerinck 
Golenkinia radiata Chodat 
Micractinium pusillum Fre- 
senius 
Ankistrodesmus 
Ralfs 


Scenedesmus 


falcatus 
(Corda) 
dimorphus 
Kiitz. (most c¢om- 
mon Scenedesmus ) 


(Tiirp. 


Scenedesmus sp. 

Actinastrum hantzschu Lager- 
heim 

Coelastrum cambricum Arch. 

Oocystis Sp. 

Tctraedron sp. 

Euglenophyta 

Euglena proxima Dangeard 

Euglena prorima var. ampho- 
racformis Szabados 

Euglena acutissima Lemmer- 
man 

Phacus sp. 


Diatoms 
Nitzschia sp. 
Blue-Green Algae 
Oscillatoria sp. 


Anabaena flos-aquea (Lyngb.) 
Brébisson 


Seasonal occurrence of the various 
genera in individual ponds (Table 
VILL) over the period January 1957 to 
May 1958 shows a variety of reactions 
that suggest the following degrees of 
adaptability : 


1. Inhabiting all lagoons at all sea- 
sons. Not precluded by rate of loading 
within these ranges, nor by e¢limato- 
logical conditions, nor by any combina- 
tion of load and weather conditions: 
clearly exhibited by Kuglena (largely 
E. proxima and proxima amphorae- 
forms 

2. Great for or well- 
adapted to lagoon conditions, but less 
steadfast in appearance, and with some 


tolerance 
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avoid heavier 
radiation 
ice cover forms: Chlamydomonas, Mi- 
cractinium, Ankistrodesmus, Scenedes- 
mus, Chlorella, Chlorogonium. 


3. Well-adapted to lagoon life under 


tendency to 
when 


loadings 


solar declines and/or 


certain conditions not rigidly deter- 
mined by loading, but sporadic in oe- 
currence: Oscillatoria. 

4. Favors medium loadings: Nifzs- 
chia. 

5. Favors definite seasons: Pasche- 


riella, Pandorina, Golenkinia, Actin- 
astrum. 

6. Sporadic and unassociated with 
obvious features: Coelastrum, Oocystis, 
Tetraedron, Carteria, Anabaena. 

7. Seasonal preference for light load- 
ings: Phacus. 


Degree of adaptability and most in- 
fluential organisms are perhaps better 
illustrated by the frequency with which 
they attained dominance or 
the 3 to 5 groups 
(Table IX). Chlamydomonas and Eu- 
glena colonized the ponds, and main- 
tained a dominant position, with Pas- 
cheriella, until April 1957, when Chlo- 
rella and Micractinium appeared. In 
May, and Euglena 
were greatly outnumbered, but they 
continued in Euglena was 
never eliminated from the three domi- 
nant positions in all cells during any 
month, and this group frequently re- 
gained and maintained dominance over 
long 


rank in 


most numerous 


Chlamydomonas 


residence. 


periods. Chlamydomonas — re- 
gained dominance or near dominance 
in July 1957, but gradually declined in 
importance thereafter, 
dominance only onee 
1957). 

Although constantly contending with 
Euglena’s marked adaptability to this 
environment, members of the Chlo- 
rococeales, Chlorella, Micractinium, 
Scenedesmus, ete., dominated the sum. 
mer of 1957, and appeared well on the 
way to regain this position in May 
1958. 


ascending to 
(Cell 2, Dee. 


Greatest numbers of organisms 
were produced by their proliferation ; 
highest 


rate of growth and densest 
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TABLE IX.--Most Numerous (Dominant) Organisms in Descending Order 
for Each Pond Each Month 


Mont 


Cell 2 | Cell 3 Cell 4 | Cell 5 | Cell 6 


1957 


Jan Chlorella No Sample No Sample | No Sample Euglena | No Sample 
Chlamydomonas | Oscillatoria 
Feb Chlamydomona Chlamydomonas | Chlamydomonas } Chlamydomonas | Chlamydomonas | Chlamydomonas 
Euglena Luglena Euglena | Euglena Euglena Euglena 
Pascheriella | Pascheriella | Pascheriella Pascheriella 
. Mar Chlamydomonas | Chlamydomonas | Chlamydomonas | Chlamydomonas | Euglena | Pascheriella 
lena Euglena | Euglena | Euglena Chlamydomonas | Chlorella 
aced by Pascheriella | Pascheriella Pascheriella Pascheriella | Euglena 
Golenkinia 3,28) Replaced by | Replaced by Micractinium 
tiniun Golenkinia 3/20 Golenkinia 3/20 
Apr No Sample No Sample Euglena | No Sample Chlorella | Chlorella 
Chlorella Micractinium | Micractinium 
Vicractinium Oscillatoria Euglena 


May Vicractinium Vicractinium | Chlorella | Chlorella Chlorella No Sample 
Chlorella Chlamydomonas Vicractinium Vicractinium Micractinium 
Chlamydomona Chlorella Chlamydomonas | Chlamydomonas | Chlamydomonas 


Euglena 


June Vicractinium Scenedesmus | Micractinium | Chlorella Chlorella Oscillatoria 
feplaced by Chlamydomonas | Chlorella | Chlamydomonas | Chlamydomonas | Chlorella 
Chlamydomor Oocystis Chlamydomonas | Micractinium | Micractinium | Chlamydomonas 
Oocyst | Golenkinia | Euglena | Micractinium 
dom. 6/27) 


Vicractinium Chlamydomonas | Chlamydomonas | Oscillateria 


Chlamydomonas Chlamydomonas Chlamydomonas Vicractinium | Micractinium Chlamydomonas 
dom. 7,3 dom. 7/30) Euglena | Euglena Eugiena Scenedesmus 
tinium Pandorina Oscillatoria Scenedesmus 
jom. 7/26) dom. 7, 30) Chlorogonium dom. 7,30 


| Micractinium Chlorogonium Euglena Oscillatoria 
Oocystis & 21 | Euglena Actinastrum Scenedesmus Scenedesmus 
Scenedesmus | dom. 8 27) Euglena | dom. 8 2) M ictinium 
Ch a (dom. | Chlorella Micractinium | Chlorella Chlamydomonas 
8/2, 8/15) Chlorella VM icractinium Euglena 


wtinium 
I 


ugiena 


Sept Scenedesmus Euglena Ankistrodesmus Euglena Euglena 
Scenedeamus Phacus Vicractinium Euglena inkistrodesmus Phacus 
timiun Euglena Ankistrodesmus Chlorella Chlorella Micractinium 
t ch ella Chlorella Scenedesmus Oscillatoria 


Oct Scenedesmus Chlorella Euglena Euglena Euglena Euglena 
ella Scenedesmus Chlorella {nkistrodesmus {nkistrodesmus Vicractinium 
Eugler Euglena Scenedesmus Chlorogonium Vicractinium Phacus 
( 


inkistrodesmus Chlorella 


Euglena Euglena Euglena Vicractinium 
eria Chlamydomonas Inkistrodesmus Ankistrodesmus Chlamydomonas 
wtinium Scenedesmus Ankistre 


lesmus Chlorogonium Chlorogonium Euglena 
Oscillatoria Carteria 


Dec V wtiniun | Chlamydomonas Euglena Euglena Euglena Vicractinium 
Chlamydomonas Chlorella Chlorella Carteria Vicractinium Euglena 
Chlorella Euglena Chlamydomonas Scenedesmus Chlamydomonas 


Scenedesmus 


Euglena Euglena Euglena Vicractinium 
V wlinium Euglena Chlorella Chlamydomonas Ankistrodesmus Euglena 
. ugler | Micractinium Scenedesmus Ankistrodesmus inkistrodesmus 


Feb. | Chlore Chlorella Chlorella Euglena Euglena Chloregonium 
wtlinium Euglena Euglena inkistrodesmus | Ankistrodesmus Euglena 
Euglena Vv tinium Scenedesmus Scenedesmus Vicractinium 


Anh 


strodesmus 


Mar Vicractinium Euglena | Chlorella Euglena | Euglena Euglena 
{nkistrodesmus Vicractinium Euglena Chlorella Chlorella Vicractinium 
i Oocystis Chlorella VMicractinium Oscillatoria Chlorogonium Ainkistrodesmus 


Oscillatoria 


Apr Euglena Chlorella Chlorella Chlorella Euglena 
V icractinium Euglena | Euglena Euglena Vicractinium 
um Chlamydomonas | Ankistrodesmus | Ankistrodesmus Ankistrodesmus Ankistrodesmus 
| Chlorella | Scenedesmus 
May Chlorella Euglena Chlorella | Euglena | Chlorella Chlorella 
| Micractinium Chlorella | Micractinium | Chlorella M icractinium Micractinium 
Euglena Vicractinium Scenedesmus | Ankistrodesmus Ankistrodesmus inkistrodesmus 


| Ankistrodesmus | 


Euglena | Euglena 


Vo 
| Cell 1 
3 
July ( 
| 
Nov. f 
4 
| 
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numerical concentration were exhibited 
by Chlorella. Chlorococcales appeared 
to be most favored by warmest weather, 
and in cells with lightest loading (ex 
cept Cell 6) during the winter of 
1957-58. A move toward general domi- 
nance by Chlorella was evident in April 
1958. Rank in Table LX depends on 
predominance over a period of time 
and not on total numbers produced 
during the month. In most instances, 
the dominant organism ranked No. 1 


all month, or No. 1 most of the month 
and No. 2 at other times. 
dominance or overwhelming develop 


Changes in 


ment of another organism on one date 
are indicated. 


Phytoplankton—Quantitative Aspects 


Objectives of the first operational 
phase made plankton analysis of pond 
effluents desirable, and personnel lim- 
itations practically restricted it to 
these samples. Effluents are discharged 
from or very near the surface, a zone 
summer phytoplankters usually avoid 
to escape unfavorable or lethal light in- 


TABLE X.—Quantitative Accounting 
of Phytoplankton 
Phytoplankter 
Chlamydomonas 
Large 
Intermediate 
Elongate 


0.0154 
0.0046 
0.0047 
0.0042 
0.0023 
0.02 
O.157 
0.0012 
0.0028 
0.0024 
0.002 
0.007 
O.O13 
0.009 
0.008 
0.104 


Carteria 

Pascheriella 
Chlorogonium 
Pandorina 

Chlore lla 
Ankistrodesmus 
Micractinium 
Golenkinia 

Actinastrum 
Scenedesmus dimorphus 
Coelastrum 

Tetraedron 

Oocyslis 

Euglena proxima 
Euglena prox. var. 
0.038 
Euglena acutissima 0.2 
Phacus 0.046 
Nitzschia 0.002 
Oscillatoria 0.2 


am phoraefor mis 


* 4-cell unit. 
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tensities. Maximum densities during 
warmer months were in all likelihood 
not represented in the effluents ; there- 
fore, an exact comparison of plankton 
production in various cells is not at- 
tempted. 
ber of organisms per milliliter do not 
necessarily reflect differences in total 


mass of 


Densities expressed as num- 


phytoplankton, because size 
varies over a wide valid ¢om- 


parisons are possible only when the 


range 5 


same group or groups of organisms are 
present. However, reasonably close 
estimates on a volumetric basis may be 
arrived at by determining average di- 
Average val- 
ues in ppm by volume are shown in 
Table X. 

Average phytoplankton densities in 
ppm by volume and number of organ- 
per ml given in Table XI. 
Volume figures indicate that produe- 
tion increased with load up to 60 lb 
BOD/day/acre and then leveled off. 
Cell 6 was intermediate between Cells 
1 and 2 on a monthly average, but had 
a greater 13-month mean than Cell 2. 
Cell 4 fell below Cell 5, but Cells 3 and 
2 were about equal in productivity. 
The various units exhibited individual 
tendencies; it is probable that monthly 
maximum densities were missed in some 


mensions of each group. 


isms are 


and caught in others. 
attributable to factors in 
all probability modified to some degree 


[Individual vari- 
ation other 
the influences of varied loading rates. 
The three most heavily loaded cells 
had quite similar seasonal variations in 
volume of phytoplankton (Cell 4 
, and in them seasonal 


Was 
in a lower range 
fluctuation in numbers of individuals 
was fairly alike. However, they each 
showed markedly different trends be- 
tween numbers and volume (Figure 
4): and, over much of the period eov- 
ered by this volumes 
were associated with lower numbers of 
(that is, 
plankton were produced by larger or- 

Cell 3 
Table XI 


show that wide divergence in trends of 


report, higher 


organisms vreater masses of 


vanisms most of the time 


values in Figure 4 and 


4 
at 
) 
wit 
! 
wd 
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TABLE XI. Average Phytoplankton Density in Number of Organisms 
Per ml and ppm by Volume 


Cell 2 Cell 3 


Cell 4 | “LS 


Month 


ppm ppm ppm ppm iN ppm " ppm 
No vol.) | No.) vol.) No.) vol.) | No.) vol.) No.) | vol.) No.) vol.) 


| | 
May 1,204,926 | 4,186 11,216,264 |) 3,076 |1,087,226 838,716) 2,415 (2,156 
June 155,992 | 11485 | (196.261 | 1.689 | ‘686,572 902 | 3} 65,432 | 9,459 

> July 169,822) 1,011 192.097 | 2.916] 175. 56 | | 47, 5OL | 7,954 
Aug 196,419 S71 65,965 | 2.525} 190,928 8 | $4,066 | 7,236 
Sept 70,485) 1,052 71,595 | 2,005 | 227,365 7,631 | 64,751 | 4,698 
Oet 128.390) 1.646 102,114} 1,468 119,510 7,7 4,005 91,760 | 5,383 
Nov 220,881!) 1,141 00,345 | 1,629] 164,981 125,490 | 6,620 | 12,090 | 63,197 911 
Der 279,350 | 2,918 108,040 | 2,189 | 140,384 103,220 | 7,708 13,138 | 77,519) 1,825 


2,114 


Jan 190,468 | 1,608 172,175 146,100 2,326 | 79,698) 8,167 1,041 
Feb 162,437 658 285.054 | 5,396 |1,296,283 $1,202) 3,935 24.877 | 2,141 | 142,667 | 6,018 
Mar 198,091 511 247,700 (13,265 |1,411,303 274.821) 563) 113,356 347 | 255,955 | 6,280 
Apr $23,870 | 3,569 | 279.740] 8,948 |2,067 165 | 3 191,177 |15,459 |2,860,945 | 5.676 | 190,280 | 5,558 
May 967,612 | 5,449 | 550,723 |34,773 | 429,432) 347,427 (20,314 47,360 4,097 | 763,605 | 3,069 
| 
13-Mo | | | 
avg $92,752) 2,020 310,961 | 5,586 526,129| 7,367 | 309,274) 6,005 | 563,449) 7,111 | 140,632 | 5,593 
| 
| | 
Monthly | | | 
ave 6,057 | 2,01 275,313 | 6,307 | 626,356) 7,557 | 318,150) 6,609 | 594,980) 7,112 | 158,269 5,201 


numbers and volume reflected changes 
in composition, and that when qualita- 
tively similar populations persisted, 
numbers and volume were more di- 
rectly related. 

Cells 4 and 5 exhibited seasonal vol- 
ume and number trends that were 
similar to those noted in Cell 3, but 
they declined to markedly lower levels 
in February and March. In Cell 1 
(Figure 4), some group of the Chlo- 
rococeales was dominant from May 
1957 to May 1958. Decline in numbers 
in summer induced reduction in volume 
and, with minor short-range differences, 
volume and number seemed directly re- 
lated. Volume, however, never reached 
higher levels displayed by Cells 3, 4, 
and 5. A member of the Chlorococeales 
or Chlamydomonas was predominant 
in Cell 2 until March 1958, when Eu- 
glena assumed dominance and main- 
tained control through May. Maxi- 
mum volume noted in any unit oe- 
curred here in May 1958. Cell 6 pos- 
sessed the volume-augmenting effect of 
Oscillatoria in summer of 1957, when 
volume and numbers were indirectly 
related. Volume decreased when E£u- 
glena became the most numerous or- 
ganism and declined sharply when Mi- 
cractinium gained numerical superior- 


ity. With the exception of Cell 2 in 
May 1958, lighter loadings did not pro- 
duce volume levels equal to those ex- 
hibited by cells with loadings at or 
above 60 lb BOD /day/acre. 

Average oxygen values in terms of 
per cent saturation are shown with aver- 
age density and volume figures for 
plankton in Figure 4. Oxygen has 
seasonal variation that is related to 
changes in intensity of sunlight, as de- 
scribed in the following section, and 
the reader is cautioned not to attempt 
to relate its variation to plankton vol- 
ume or density alone. These charts 
(Figure 4) suggest that maximum Oz 
production is more associated with 
some qualitative feature of phytoplank- 
ton, such as kinds of organisms or age 
of the population, than with mass or 
density. 


Interrelationships 


Objectives of this 13-month study 
period required routine sampling of 
effluents ; available personnel seldom al- 
lowed collection and handling of more 
than one series of samples per day. To 
check on oxygen pulses and other fea- 
tures subject to diurnal variation, time 
of sampling was often changed from 
day to day. Thus, one day’s analyses 
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FIGURE 5.—Interrelationships of various analyses as indicated by monthly averages 
in Cells 1 and 3 and mean solar radiation. 
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TABLE XII.—Survival of Coliform- 
Type Bacteria 


Per Cent of 
Samples Equal 


Effluent Range (MPN) to or Greater 
Than 
Ib BOD 
day/ acre 
Min Arith Max* 45,000, 93,000 
Value Avg Value 100 ml 100 mil 
20 10 14,700 13,000 | 16 | 0 
3,600 24,700 93,000 29.5 | 7.9 
60 130 24,300 93,000 24.5 
SO 2,400 $4,000 | 95,000 iS 1s 
100 2,400 10,200 19.2 


93,000 i7 


* Exclusive of short-cireuiting 


reflected early morning conditions, an- 
late 


assurance 


other's afternoon, ete., and no 
that upper 
ever noted or that lower 
included during any 
no zero values occurred. 
Surface samples are best suited for 
evaluation of treatment efficiency, but 
they obscure or leave unsettled certain 
relationships involving algae and pho- 
The following account 
recognizes these limitations. 

As demonstrated by the Kearney, 
Neb., experimental stabilization pond 


absolute 
limits 
extremes 
month 


exists 
were 
were 
when 


tosynthesis. 


(3), life processes of algae, particularly 
photosynthesis, powerful in- 
fluence dictatorial powers— 
over pond chemistry and biology. In- 
terrelationships of 


have a 
almost 


various analyses 
conducted at Fayette and their kinship 
to solar radiation are shown in Figure 
® by monthly averages of data from 
Cells 1 and 3. Other cells varied from 
these trends, but not sufficiently to dis- 
count relationships and interpretations 
indicated by their study. 

Relationships shown in Figure 5 ap- 
pear to merit little here. 
Association of phytoplankton mass with 
solar radiation should be guided by 
possible errors introduced by migra- 
tion in and out of surface layers as 
lethal influences of light fluetuated. 

Influences of 
photosynthetic 


discussion 


variation in 
Fayette were 


seasonal 


rate at 


quite similar to those noted at Kearney, 
insofar as they affected oxygen, pH, 
and alkalinity. 
indexes of 


Changes in chemical 
intensity of this process 
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were not as well related to plankton 
concentration at Fayette, and BOD 
was noticeably less affected by seasonal 
change. Fayette units never lost phy- 
toplankton completely and had low 
concentrations for only brief periods 
of time, whereas at Kearney plankton 
algae were absent or at low densities 
for months during fall, winter, and 
early spring, when BOD was most con- 
centrated. 


Performance 


Removal of Coliform-Type Bacteria 

Efficiencies varied only in the third 
and fourth decimal places, and no eell 
failed to remove 99.99 per cent of 
these bacteria over any month of ree- 
ord. Level of removal by the entire 
facility (Table XVIL) did not vary 
markedly from that accomplished by 
the most lightly loaded unit. Numbers 
surviving in effluents from Cells 1 to 5 
are given in Table XII. 


Per Cent BOD Reduction 


Efficiencies on a concentration basis 
for Cells 1, 2, 3, 4, and 5 are given in 
Table XIII, which rates monthly ef- 
fluent concentration against individual 
monthly average raw waste concentra- 
tions. Cell 6, which received around 
15 Ib of raw sewage BOD /day /acre, 
also had to deal with effluents from the 
other which could have aug- 
mented or decreased the raw sewage 
load in accord with degree of oxygen 
saturation. Uncertainty as to its true 
load has eaused its omission from Table 
XIII, but an estimated load and per 
cent reduction may be computed by 


cells, 


TABLE XIII.—Per Cent Removal of BOD 
Average Monthly Effluent Concentra- 
tion vs. Average Monthly Raw 
Sewage Concentration 


Value | Pond 1 | Pond 2 | Pond 3 | Pond 4 | Pond 5 
Max 90 | 89 87 so | a7 
Min | 84 | 82 72 72 | 72 
Avg | 87 | 86 a2 | 8 82 


: 


g 
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reference to Tables ILI, [V, and V. Its 
effluent is used in Table XVIL to show 
level of treatment accomplished by the 
entire facility. 

Greatest per cent reduction was ef- 
fected in Cells 1 and 2; variation 
among Cells 3, 4, and 5 was insufficient 
to suggest any particular advantage 
for any rate of loading between 60 and 
100 Ib BOD /day acre. If short-cir- 
cuiting had not developed in the more 
heavily loaded units, it is doubtful that 
their efficiencies would have averaged 
significantly lower than those realized 
with loadings of 20 to 40 lb BOD/day/ 
acre. It should be that 
part of effluent demand was 
exerted by algae, and actually repre- 
sented stabilized organic matter that 
would have 
under 


remembered 
OX) ven 


been a source of oxygen 
normal Reduction 


of oxygen-consuming substances must 


conditions. 


be assumed greater than indicated by 
the standard BOD test, which consid- 
ers only the oxygen consumptive and 
not the productive phase of algal me- 
tabolism. Studies that endeavor to ar- 
rive at an accurate factor that may be 
applied to permit subtraction of algal 
effects are still underway. (Refer to 
Table V for BOD concentrations in ef 
fluents from various cells. ) 


Reduction of Other Sewage 
Components 
Alkalinity 


Reduction of alkalinity is almost ex- 


clusively referable to algae, as it nor- 
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TABLE XIV.—Per Cent Removal* of 
Total Alkalinity 


Cell I Cell 2 Cell 3 


28 
19 
| 
( Pond 
Raw Sewage mg/l 
mally through 
precipitation of 


linity 
tures). 


arises photosynthetic 
alka- 


carbonate (see 


section under Chemical 
Pond low- 


ered sufficiently to dilute sewage and 


concentration was 
keep effluent concentrations below those 
of raw months 
when photosynthesis was reduced or 
lacking in the heavily loaded 
units. Efficiencies in this respect are 
given in Table XIV. A slight decline 
in removal accompanied increased load- 
ing up to 80 lb BOD/day/aere. Al 
kalinity removal is most influenced by 
the intensity of photosynthesis at times 
of sampling and can vary markedly at 
different times of the day (Table VI 

Concentrations evident during 
photosynthetic seasons may reflect long- 


during those 


sewage 


more 


non- 


term or accumulative effects of photo 
synthesis, but most reduction is realized 
in effluent discharged during peak pe- 
riods of photosynthesis. 


Nitroge n 


Nitrogen removal expressed as per- 


centage of raw sewage concentration is 


TABLE XV.—Per Cent Reduction* in Concentration of Organic, Ammonia, 
and Total Nitrogen 


Avg 
Min 
Max 


Pond mg 


/ 
*100 — 
Raw Sewage mg 


Cell 3 


= 
26 26 
| 1s 
iS | 42 
he 
ag 
| 
~ 
Cell 1 Cell 2 | 
ell 2 Cell 4 Cell 5 
ak | 96 | 81 | 93 | 95 | 77 | 92 | 92 | 73 | 89 | 92 | 71 | 89 | 93 | 72 | 89 
os 93 | 63 | 88 | 92 | 51 | 85 | 89 | 63 | 82 | 75 | 53 | 81 | 87 | 51 | 80 
a8 98 | 89 | 97 | 98 | 88 | 96 | 95 | 93 | 94 | 97 | 89 | 96 | 97 | 87 | 96 ; 
Ree 
4 


TABLE XVI. 


Cell 2 


Avg 


Pond mg | 
* 100 ( 


x 100 ) 


Organic nitrogen 


Raw Sewage mg/l 


given in Table XV. 
exhibited a much more consistent pat- 
tern; its removal was generally 5 to 10 
per cent greater than that of ammonia 
nitrogen. Although exact mechanisms 
are unknown, these differences suggest 


that organic nitrogen is mainly reduced 
by bacterial action and that ammonia 
is chiefly utilized by algae. 


Inasmuch as a large share of organie 


N is converted into ammonia nitrogen, 
utilization of NHs,—N exceeds the quan- 
tities available in 


raw sewage, and a 
more exact representation of nitrogen 
reduction may be secured by computing 
reduction of the 
ammonia nitrogen, 


and 
Degree of purifica- 
(total nitrogen) is 
Table XV. 


measurement of the two types of nitro- 


sum of organic 


tion on this basis 


also. given in Because 


ven compounds is not 
living 


influenced by 
contending with an 
» abnormal environment, their combined 

concentrations 


organisms 


may be more accurate 
indexes of waste treatment efficieney 
than BOD. They enter into the dy- 
namic life and their gen- 
erally higher removal rates may indi- 
cate a level of purification that is usu- 


processes, 


TABLE XVII. 


Avg 32 8 78 78 
Min 21 S86 66 6S 
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Per Cent Reduction* in Concentration of Organic Phosphorus, 
Phosphate (PO,), and “Total”? Phosphorus 


80 SO 75 76 
Min 55 OG 62 52 | 56 | 60 | 55 
Max OG 42 Y7 87 | 90 87 


Degree of Treatment (Per Cent Reduction of Waste Components) 
Achieved by the Entire Facility 


Cell 3 Cell 4 


ally hidden by algal influences when 
BOD is considered. 


Phosphorus 


Degree of phosphorus utilization is 
indicated by per cent removals of raw 
sewage concentrations in Table XVI. 
Average rate of reduction over the 12- 
month period was very similar for or- 
ganie P and PO,, but they differed 
markedly during some months. Phos- 
phate levels are augmented by oxida- 
tion of organie P, and PO, consump- 
tion is greater than its indicated rela- 
tion to PO,y concentration of the raw 
waste. Removal of ‘‘total’’ phosphorus 
is shown in the third under 
each cell. 


column 


Performance of Total Facility 


Final effluent from the system of 
ponds was discharged from Cell 6, and 
its concentration of sewage elements in 


relation to those of raw 


sewage per 
cent reductions) is given in Table 
XVII. In comparison to Cells 3, 4, 


and 5, Cell 6 received only a small por- 
tion of the raw waste, and because it 
received effluents from all other cells 


Total P N | NH 


Org. 


MPN 


SO | 95 82 
6S 90 56 S4 
OS OS 93 
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| 
Cell 1 Cell 5 
° | 66 | 67 | 67 | 67 | 67 | 67 | 67 | 67 
35 27 | 3i 33 | 34 38 13 
81 8&3 97 85 SS SS 83 S4 
| | | 
: Value \lk BOD Org. P POs total N 
999996 
9982 
Max 92 91 99.9999 
' i 
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it served in a large measure as a sec- 
ondary unit in a operation. 
When its share of energy was increased 
following 


series 
reduced photosynthesis in 
other units, its oxygen production grew 
and protected the final effluent 
declines that occurred in 
cells. 


from 
other 
It also maintained a high level 
of BOD reduction, near peak alkalinity 
removal, and brought about maximum 
reduction of coliform-type bacteria at 
times when their levels had increased 
in other units. 


some 


These actions clearly 
illustrate the advantages of series op- 
eration for high effluent quality. 


Discussion and Conclusions 


Performance and Energy 
Relationships 


Based on quality of final effluent 
from Cell 6, performance of the entire 
facility was outstanding. 
achieved by 


Purification 
individual 0.75-acre units 
was very good on a monthly basis; how- 
ever, cells with daily BOD loadings of 
60 to 100 lb/acre suffered decline of 
photosynthesis under ice cover and pro- 
duced sulfide odors at breakup. Ef- 
fluent from units was poor in 
quality on a few dates (Table VII 

Cell 5, for example, had a coliform 
count of 1,100,000 MPN per 100 ml on 
March 20, 1958. Odors 
several days after ice 


these 


endured for 
melt, but they 
were never strong enough to reach hu- 
man habitations. Effluent quality was 
quickly elevated in Cell 6. Shallow 
ponds (that is, 5 ft if fairly 
rich in organic matter, always face the 
danger of complete oxygen loss under 
ice cover. It not appear prac- 
ticable, or even possible, to have sewage 
this 


or less 


does 


loading low enough 
hazard. 


to eliminate 


Relationships of loading and solar 
radiation to photosynthetic rate, and 
known factors associated with efficiency 
of solar energy consumption are de 
veloped in the following account. 


Solar radiation 


effi- 


ciency, oxygen production, and other 


influences on 
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features were overshadowed at 
by other limiting factors. 
veloped its 
intensity not in 


times 
Cell 6 de- 
photosynthetic 
high 
level of solar radiation, but in reaction 
to entrance of greater amounts of algal 
nutrients. Cell 1, in accord with 
trient level change within itself, 
played variations in rate of photosyn- 


maximum 


response to a 


hu- 


dis- 


thesis in winter and spring that were 
seemingly quite independent of inereas- 
ing light intensity (Figure 4 In Cell 
2, oxygen production and solar radia- 
tion were closely related. Cells 3, 4, 
and 5 were the only units in which 
light absorption by ice cover noticeably 
affected photosynthesis. 

[t is apparent from these observa- 
tions that solar radiation was but one 
of several exercising control 
over photosynthesis. When the load 
was 40 Ib BOD day acre, or more, 
light intensity fairly well dictated the 
level of the photosynthetic process. 
With lower loadings, light effects were 
subordinate — to 


factors 


those exereised by 
available algal nutrients. 


Cell 1’s upper level of oxygen produe- 


changes in 


tion apparently was reached when sew- 
age contributions were augmented by 
nutrients released from deeay of 
former plankton populations and other 
growths. Additional 
Cell 6 from 
scribed. Raw sewage loads diverted to 
Cells 2, 3, 4, ) seemingly main- 
tained a nutrient supply that would 
consistently support photosynthesis up 
to the limitations imposed by available 
light supply and other physical fea- 
tures. Ponds 
were 


energy came to 


another source, as de- 


and 


higher loadings, 


unable to 


with 
however, maintain a 
level of photosynthesis sufficient to pro- 
duce measurable Oo under ice cover, 
whereas light filtered through ice and 
snow was still adequate to support de- 
tectable oxygen production with load- 
ings of 20 Ib BOD /day /acre or less. 
Rate of oxygen consumption imposed 
by heavier loadings (60 Ib BOD /day 
acre) was too high to be satisfied by 
reduced production under ice cover. 


= 
|. 
e 
‘ 
: 
‘ 
bal 
af 
ADS 
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During open-water seasons, percent- 
age reduction of waste components was 
about the same at all loadings. Higher 
applied at Fayette made 
vreater utilization of solar energy pos- 
sible and were therefore more efficient 
in open-water seasons than the lighter 
applications that often failed to use all 
available light. 

Despite variations that occurred in 
Cell 1, and with the exception of Cell 
6, photosynthesis generally varied di- 


loadings 


rectly with intensity of solar radiation 
(Figure 4 The cell loaded at 40 Ib 
BOD day /acre affected by 
light loss through ice cover than any 
higher and had direct 
response to change in light intensity. 
These that this 
rate of loading is about the maximum 


Was less 


loading more 


observations suggest 
amount of raw sewage that can be ap- 
plied per acre at this latitude with rea- 
sonable assurance of a modicum of 
odor development. 


Operation and Loading 
Considerations 


The foregoing details indicate that 
waste purification is best served by 
high low winter load- 
cell would in most in- 
the 
and pro- 
vision of twin-cell or multiple-cell fa- 
cilities to allow proper load 
adjustment by putting units in and out 
of service would increase construction 


summer and 


A single 


require 


stances design on basis 


of desirable winter loadings: 


seasonal 


costs. A more reasonable and in most 
cases more economical approach would 
be provision of a two-cell or multiple- 
cell, in-series facility. This type would 
combine the virtues of each desirable 
loading range, summer and winter, and 
actually afford greater protection of ef- 
fluent quality than any reasonable load- 
ing applied to a single-cell facility. 
The primary chamber could receive a 
load great full ad- 
vantage of available radiation 
(for example, 60 Ib BOD /day /acre at 
Fayette, Mo.). Its effluent 


enough to take 


solar 


would in- 


troduce a much lower energy load into 
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the second chamber, and additional 
purification would ensue. When winter 
conditions curtail photosynthesis in the 
primary unit, the secondary cell would 
continue this and maintain 
high effluent quality if light is not too 
restricted by prolonged ice and snow 
cover. 


pre CESS 


Construction of such an in-series fa- 
cility will usually entail less expense 
than a single cell large enough to give 
the desirable winter loading. For ex- 
ample, a community with a daily waste 
load of 180 Ib BOD could be served by 
two J-acre cells if latitude allows ap- 
plication of 60 lb/acre to the primary 
unit. Nine acres would be needed for 
a BOD loading of 20 lb/day acre. 

In the Fayette ponds, measurable 
oxygen was produced only by photo- 
synthesis, absorption from the atmos- 
phere being wholly inadequate to cope 
with more than a fraction of the de- 
composition-respiration requirements at 
any Intensity of photosyn- 
thesis was controlled by several factors. 
The most important physical feature 
was amount of light reaching the wa- 
ter. indicate that op- 
timum rate of loading for oxygen main- 
tenance primary could be 
readily related to intensity of available 
light if the latter factor had a 
sistent annual pattern. However, sev- 
eral variables contribute to its lowest 
yearly intensity and no definite mini- 
mum figure may be considered reliable. 
The annual 


season. 


Observations 
cells 


radiation minimum 
on a langleys-per-day-per-month basis 
would appear to be a reasonably relia- 
ble standard, assuming uniform energy 


solar 


loss on a percentage basis, for areas 
where ice and snow covers are rare or 
unknown. With one exception, no sew- 
age loading applied at Fayette pro- 
duced an oxygen demand equal to rate 
of photosynthetic supply until ice eover 
reduced quantities of light available 
from solar radiation. Prior to de- 
velopment of ice cover, O. disappeared 
from four cells for one day after solar 
radiation reached a low of 41 langleys 
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on December 17. Otherwise, the an- 
nual low monthly average of 161 lang- 
leys per day in December supplied ade- 
quate light for maintenance of oxygen 
in all units. 

If ice cover need not be considered, it 
would appear that a minimum monthly 
solar radiation level averaging around 
150 to 160 langleys per day would fur- 
nish enough light to maintain oxygen 
in ponds loaded up to 100 Ib BOD 
day /acre. This relationship suggests 
that a minimum of 1.5 langleys per 
day are needed for each pound of BOD 
applied per acre. Thus, to allow a 
safety factor, it would appear reason- 
able to divide the lowest daily average 
langleys per month by 2 to arrive at a 
preliminary load (Ib BOD/ 
for any ice-free area where 


estimate 
day acre 
it is possible to secure representative 
solar radiation records. 

Table XVIII has been developed from 
U.S. Weather Bureau records covering 
all North American and some insular 
solar radiation stations that have been 
in operation since 1950. This table 
divides the continent into four north- 
south areas (by longitude) and lists 
average and lowest minimum monthly 
solar radiation levels recorded at indi- 
vidual stations in each area. For re- 
gions without ice cover, it appears that 
a generally BOD loading 
rate for primary ponds may be arrived 
at by dividing either the average or 
lowest minimum monthly solar radia- 
tion value by 2, 


successful 


depending on the re- 
quired degree of assurance against OXV- 
genless effluents. Such application of 
data would necessarily as- 
sume adequate mixing of lagoon liquid 
to allow efficient utilization of 
If ice cover is the normal 
winter condition, minimum solar radia- 


radiation 


most 
solar energy. 


tion figures can give only general load 
indications that will require modifiea- 
tion by local observations and applied 
judement. 


lee cover that endures for more than 
a few days introduces possibilities for 
a number of variables that would re- 
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duce loading to zero if due allowance 
were made for each in application of 
the foregoing solar radiation-load ratio. 
Intensity of solar radiation is there- 
fore an unreliable guide to optimum 
rate of loading under this condition, as 
oxygen may endure for a month or dis- 
appear within a few days after the 
onset of ice cover as dictated by trans- 
parency of ice, depth of snow cover, 
ete. During the winter of 1957-58, a 
60-per cent reduction of the load sug- 
gested by the minimum solar radiation 
level appeared necessary for mainte- 
nance of oxygen under an ice cover 


that lasted 36 days at Fayette. More 
snow cover could have reduced ¢on- 
centration to zero in all cells. To be 


safe, oxygen loss should be accepted as 
the normal course of events in primary 
ponds that will be covered with ice for 
appreciable periods. Winter loading 
under this condition should be kept at 
the minimum practicable level, which 
now appears to be about 20 Ib BOD’ 
day/acre. Series operation is indi- 
eated for maximum protection of efflu- 
ent quality under these conditions. 

Suggested criteria for determination 
of optimum loading rate have been ad- 
vanced by Oswald and Gotaas (13), 
Gloyna and Hermann (14), Hermann 
and Gloyna (15), and others. Oswald 
and Gotaas developed a formula to in- 
dicate fraction of available light that 
could be expected to be utilized. This 
process appears somewhat involved and 
must be based on intensity of solar 
radiation at various latitudes. Some 
general considerations affecting rate of 
loading are presented in (14) and a 
formula for determining volume that 
considers number of people, BOD con- 
centration of raw waste, and tempera- 
ture is developed in (15). 


Summary 

Objectives of this investigative phase 
were performance as judged by efflu- 
ent quality and degree of nuisance de- 
velopment, efficiency as related to load- 
ing and climatological factors, most 


a 
s 
he 
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rate of loading, and addi- 
tional information on processes and in- 
terrelationships. Loading was estab- 
lished at levels of 20, 40, 60, 80, and 
100 lb BOD/day/acre in a multiple- 
cell facility. 
sewage from 
cells were discharged to a 15-acre unit 
that produced the final effluent. 


favorable 


Kffluents and excess raw 


loading of these l-aere 


Lagoon bottoms allowed no detect- 
able water loss after operational levels 
were established. Algae 
few days after sewage 


developed a 
introduction, 
and green water color was maintained 
uninterruptedly for more than a year. 
Floating blue-green aleal mats de- 
veloped in summer months, especially 
in lighter loaded units. Ice 
dured for as long as 


cover en 
356 days some 
sulfide odor was developed following 
cover, which 0c 
loadings of 60+ 1b BOD 


oxygen loss under ic 
curred at 
day /aere. 


Chemically, the ponds displayed the 
usual alternation of dominance between 
photosynthesis and respiration-deeom 
position, with each type of process us 
ing by-products of the other to ¢on- 
serve energy and alter pH, alkalinity, 
and oxygen in its own manner as the 
opportunity arose on a daily and sea- 
sonal basis. As would be expected, 
photosynthesis was dominant 
daylight hours until 


water 


during 
light supply to 
reduced by ice and 


Was Snow 


cover. Decomposition-respiration was 
dominant at night and under ice as the 
cover Phos- 
phorus was largely utilized in the PO, 
state and nitrogen as ammonia. 


became more opaque. 


Phytoplankters were predominantly 
green algae and euglenophytes. One 
diatom and two blue-green algae were 
the only others noted. Euglena proxima 
and its variety 
hibited the 
lagoon conditions. 


amphorae formis ex- 
adaptability to 
Various Chloro- 
were 


vreatest 


eoceales and Chlamydomonas 


other frequent and abundant residents. 


Chlamydomonas and Euglena were the 
first to appear. 
Phytoplankton numbers and volumes 
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often differed widely. Production of 
these algae increased with load up to 
60 Ib BOD day/acre and then leveled 
off. Various other features associated 
with their concentration and activities 
are deseribed. 

The 


standing 


entire facility displayed out- 


performance in removal of 
various sewage components and main- 
tenance of a high-quality, oxygen-rich 
effluent. All individual units 
equally efficient until ice cover reduced 
photosynthesis. Performance then de 
clined in units with raw sewage loads 
of 60 to 100 Ib BOD day acre. The 
large cell acted as a secondary in-series 
unit in 
oxygen 


were 


and increased 
production when 


entered winter declines 


many respects 
other units 
All cells had 
average coliform-type bacteria removals 
in exeess of 99.99 
of BOD 


cent in all 


per cent. Removal 
than 80 per 
alkalinity was de 


averaged more 


units; 


creased over a range of 39 to 43 per 
cent; nitrogen utilization varied from 
94 to 98 per cent of quantities con 


tained in raw sewage; and phosphorus 


reduction had a to 92 
per cent. 


Performance 


range of 8&3 


and relation- 


indicated a 


energy 
ships dominant role by 
photosynthesis and the necessity of this 
process for occurrence of free oxygen. 
In-series operation appears more de- 
pendable for effluent 
single eell. A 
tentative method for determination of 
a preliminary 


maintenance of 
quality than use of a 
loading figure on the 


basis of solar radiation is presented. 
This method is aimed at maintenance 
of oxygen in cells receiving raw sewage 


in areas free from ice cover. 
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| SLUDGE DISPOSAL 


AT ALEXANDRIA 


Samuel W. Shafer 


The Alexandria Sanitation Authority 
operates an 18-mgd, high-rate, single- 
stage treatment plant which serves all 
but a small of the City of 
Alexandria plus an adjacent area in 
Fairfax County, Virginia. Principal 
components of the plant inelude lift 
pumping, and 
grit removal, primary settling, trick- 
ling filtration, final settling, two-stage 
sludge digestion, and mechanical sludge 
dewatering. High-rate filtration is ef- 
fected by recirculating a portion of the 
trickling filter effluent to the influent 
end of the primary settling tanks. Dji- 
gester gas is utilized as fuel for en- 
vines driving three of the five sewage 
lift pumps and for building and di- 
gvester heating. Final effluent is 
charged indirectly to the Potomae 
River by way of Hunting Creek. The 
plant is currently operating at about 
one-half of its design capacity. 


section 


mechanical screening 


Description of Facilities 


Sludge disposal facilities inelude 
elutriation, chemical conditioning, 
vacuum filtration. Sludge 
stockpiled on the plant property and is 
available to the public at no charge for 
use as a soil conditioner. 


and 


cake is 


Elutriation is accomplished in two 
conventional settling tanks, 67 ft long, 
14 ft wide, and 1314 ft deep (Figure 
1). At the inlet of each tank is a mix- 


Samuel W. Shafer is 
the City of Alexandria, 
Authority. 
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Works 
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Virginia, Sanitation 
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with vertical 
Treatment plant ef- 
is used as the eluent, or 


ing chamber equipped 
paddle mixers. 
fluent Wash 
water, and the elutriate is returned to 
the plant inlet to be treated as part of 
the Sludge is 
from the tanks with conventional ¢ol- 


sewage flow. removed 
lection equipment. 

In this plant two-stage counter-cur- 
rent elutriation is practiced as follows 
Digested sludge the 
chamber of the primary elutriation 
tank together with the effluent, or elu- 
triate, from the secondary. The mix- 
ture into the tank the 
sludge solids settle to the bottom and 


enters mixing 


passes where 
the spent wash water returns by gravity 
to the plant inlet. The settled sludge 
is transferred to the secondary elutria- 
tion tank where it is mixed with fresh 
wash water to 
The resettled sludge is then pumped to 
the vacuum filters the effluent is 
transferred by gravity to the primary 
elutriation To the 
two washes 


and allowed resettle. 


and 
summarize, 


tank. 
sludge receives separate 
with the same water, the second wash 
being with clean water. 

Two complete filtration units, each 
consisting of a sludge feed pump, fer- 
chloride tank and feed 


pump, conditioning tank, vacuum filter, 


ric solution 
vacuum pump, and filtrate receiver and 
pump, are provided (Figures 2 and 3 
single 
both units. 
diameter and 


lime-feeding 
The filters 
10 ft 
surface area of 300 sq ft. 
medium 
layers of 


system 
10 ft in 
long, with a total 
The filtering 

overlapped 


serves 


are 


consists of two 
steel coil 
Which are continuously cleaned with 
water The filter 
equipped with reciprocating 


stainless springs 


sprays. vats 


are 


agitators 


~ 
; 
ag 
os 
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FIGURE 1.—Elutriation tanks and lime feed equipment. 


which may be operated independently 
of the drum drive. The vacuum pumps 
the type, pro- 
ducing a maximum vacuum of 13 in. of 
mercury (Figure 4 

In normal operation one filter op- 


are rotary, water-seal 


erated six hours per day, five days per 


week is sufficient to handle ine present 
volumes of digested sludge produced. 
Elutriated sludge is pumped to the 
conditioning tank where lime and ferrie 
chloride are added. The mixture of 
sludge and chemicals is gently mixed 
with a mechanical agitator in the con- 


FIGURE 2.—Ferric chloride tanks and feeders, filter feed sludge pumps, and 
elutriated sludge transfer pumps. 
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ditioning tank to allow coagulation of 
the fine sludge particles and flows by 
gravity to the filter vat. The 
tered sludge cake is removed to a load- 


dewa 


ing hopper by way of belt conveyors 
and hauled by truck to the stockpile 
area. 

The sludge disposal facilities were 
placed in routine service in February 
of 1957, following acceptance tests con- 
ducted by the manufacturer. It is 
appropriate to mention that since that 
time, the equipment 
functioned with no 
downs encountered. 


has 
break- 
Experience dur- 
ing the first few weeks, however, indi- 
cated that certain improvements could 


mechanical 
perfectly 


be made to produce greater operating 
efficiency. The balance of this paper 
will attempt to describe additions and 
changes which have been made, and 
operating techniques which have been 
developed in the past three and one- 


half years of operating these facilities. 
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Initial Changes 
Lime Handling 


One of the first improvements to be 
made was the installation of lime mix- 
Although 
the original design contemplated that 
the elutriation 
the need for conditioning with lime, it 
became readily apparent that elutria- 
tion alone would not produce the de- 
sired results. slurry 
tank and diaphragm-type variable 
speed pump, which had been rented 
from the filter manufacturer for feed 
ing lime to the digester during initial 
startup, were purchased outright and 
permanently installed. In 
split the flow of lime slurry equally be 
tween the tanks to 
enable operation of both filters at the 


ing and feeding equipment. 


system would obviate 


Accordingly, 


order To 


two eonditioning 


same time, a single discharge line was 
earried from the feed pump to a point 
exactly the 


between two conditioning 


FIGURE 3.—Vacuum filters and conditioning tanks. 
belt is shown at the far end. 


The inclined conveyor 
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tanks from which branch pipes of equal 
lengths with identical fittings were run 
toeachtank. This arrangement worked 
satisfactorily until unequal sealing in 
the branch lines created a difference in 
head conditions which resulted in un- 
equal distribution between the two 
tanks. This was subsequently corrected 
by installing a small day-tank with 
valved discharge on each conditioning 
tank, permitting individual control of 
lime flow. 


Fy rric ( ‘h loride 


The handling and storage of ferrie 
chloride posed another early problem. 
Although facilities were installed for 
unloading, storage, and handling of 
the chemical in either anhydrous or 
solution form, the absence of a rail sid- 


ing into the plant site appeared to pre- 


FIGURE 4.—Vacuum pumps for vacuum filters. 


clude the use of the solution. How- 
ever, after a few days of handling and 
mixing anhydrous ferric chloride and 
attempting to cope with the accom- 
panying housekeeping problems, ways 
and means for transporting liquid to 
the plant were urgently sought. For- 
tunately, 5,000 gal of storage capacity 
in two rubber-lined tanks had been 
provided, otherwise the use of liquid 
could not have been contemplated. It 
was learned from the chemical manu- 
facturer that the solution could be 
shipped in tank ear quantities as small 
as 4,000 gal, or in tank trueks of 3,500- 
gal capacity. Since no means were 
immediately available for unloading 
and transporting the material from 
the nearest rail siding to the plant, 
tank truck delivery was selected. Al- 
though freight rates for truck trans- 


3 Vol. 33, No. 6 PC 645 
‘ 
4 


646 


portation were appreciably higher than 
rail rates, the total delivered cost on a 
dry weight basis was still less than the 
delivered cost of the anhydrous form. 
Accordingly, a trial order was placed. 

The first experience with the tank 
truck transportation proved unsatis- 
factory because of the undue delays 
caused by weather and load size re- 
strictions imposed by various state reg- 
ulations. It was also found that ship- 
ping dates were scheduled more at the 
convenience of the trucker than the 
customer. Since ferrie chloride solu- 
tion could be shipped by rail in quan- 
tities compatible with storage capacity 
available at the plant, solution of the 
local transportation problem was all 
that was necessary to make this cheaper 
and more dependable method of de- 
livery available. Accordingly the local 
tank truck companies were canvassed, 
and a firm with the equipment and the 
desire for the business finally 
found. <A tank order then 
placed, and the subsequent delivery 
This method 
of ferric chloride delivery is now in its 


Was 
car Was 


was entirely satisfactory. 


third year of successful operation and 
has resulted in savings averaging $2,000 
per year over the cost of the anhydrous 
chemical. 


Scum Control 


Control of formation on the 
surface of the primary elutriation tank 
was another problem to be resolved. 
Although surface scum did not inter- 
fere with the elutriation process, it did 
result in an excessive carry-over of 
solids in the tank effluent 
turned to the plant inlet. To prevent 
the carry-over, a vertical baffle project- 
ing about three or four inches beneath 
the liquid level was installed about a 
foot upstream from the effluent weir. 
A surface spray system was then in- 
stalled to the The 
sprays act to entrained gas 
from the solids particles, permitting 
them to settle. 


scum 


being re- 


disperse scum, 


release 
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Another minor improvement 
made by the filtrate 
charge piping to the inlet of the sec- 
ondary elutriation tank. It is believed 
that the residual lime and ferrie ehlo- 
ride in the filtrate aid settling in the 
elutriation tank. 


Was 


connecting clis- 


Process Control 


Of primary importance to the sue- 
cess of the conditioning and dewatering 
process is the proper control of mate- 
rials and equipment. Daily, and some- 
times even hourly, variations in sludge 
consistency require frequent adjust- 
ment of chemicals and solids feed rates, 
drum speeds, ete. At the Alexandria 
plant a great deal of attention has been 
given to the development of operating 
techniques and the perfection of con 
trol procedures. 

Maintaining 
chemicals to 


the 


sludge is 


ratios of 
probably the 
most important phase of mechanical de- 
watering. 


proper 


Too much or too little c¢hemi- 
cals will result in over- or under-condi- 
tioned sludge which dewaters with dif- 
fieulty, if at all. 

Prior to placing the sludge disposal 
facilities in service a series of Buchner 
funnel tests was run to determine the 
optimum feed rates of lime and ferric 
chloride to be used. On the basis of 
the tests, starting rates of 3d-per cent 
ferric chloride 
were used, 


lime 


These rates proved success- 


and S-per 
ful in the initial operation and have 
not been varied appreciably since. 
Although ferric and lime 
are fed in solution and slurry forms, 


chloride 


respectively, feed rates are determined 
on a dry weight of chemicals to dry 
weight of sludge solids basis. It was, 


therefore, necessary to provide the op- 


erating personnel with means for on- 


the-spot determinations of solution 


strengths and total sludge solids e¢on- 
centrations, and with means for quan- 
titative control of sludge and chemical 
flow rates. 

Elutriated sludge is fed to the eondi- 
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tioning tanks with variable speed 
plunger pumps. Remote controls per- 
mit the to vary the pump 
speed at the panel board on the op- 
erating floor of the building. A tach- 
ometer for each pump is also installed 
on the control panel to provide quan- 
titative regulation of pump speeds. In 
order to relate pump speed to dis- 
charge rate, 


operator 


discharge curves were 
plotted for each pump by timing the 
filling of a known volume in one of the 
conditioning tanks at various pump 
speeds. 

It was then necessary to develop a 
quick method of sludge solids deter- 
mination, the 


being too time-consuming to use for on- 


conventional methods 


the-spot control. Several schemes to 
accelerate the evaporation of moisture 
from the sludge samples were tried, but 
all proved unreliable. An attempt was 
to establish a usable rela- 
tionship between solids content and the 


degree of separation of solids from liq- 


also made 


uid after centrifuging a sample for a 
given period of time. 
unsuccessful. A 


This was also 
satisfactory scheme 
using spectrophotometrie methods was 
finally worked out as follows: 


1, 50 ml of elutriated sludge sample 
is diluted with 50 ml of distilled water. 

2. 10 ml of this is further diluted to 
1 liter with distilled water. 

3. The optical density of the highly 
diluted sample is read on a colorimeter 
using a wave length of 600 muy. 

4. The optical density is translated 
to solids content 
prepared curve. 


using a previously 


This test can be completed in a mat- 
ter of minutes and has proven highly 
reliable for control the 
sults usually falling within 5 per cent 
of the total solids value as determined 
with conventional procedures. 

Ferric chloride solution strengths 
are determined quickly and easily by 
obtaining the specific gravity with a 
hydrometer and translating the reading 


purposes, re- 
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to strength in pounds per gallon using 
published tables. The ferric chloride 
feed pumps are equipped with variable 
speed controls and tachometers similar 
to the sludge feed pumps. Lime slurry 
strengths are predetermined by adding 
specified amounts of lime to a given 
water volume in the slurry tank. 
Slurry feed rates are determined using 
a quart container and a stop watch, 
and controlled by varying the feed 
pump speed and throttling the dis- 
charge valves on the equalizing tanks. 

Tables have been prepared from 
which solids and chemical feed rates 
can be computed in the field with a 
minimum of calculations. Samples of 
elutriated are analyzed for 
solids content at regular intervals dur- 
ing the day and chemical feed adjust- 
ments are made accordingly. 


sludge 


Operating Techniques 

During three years of operating the 
sludge dewatering facilities, a number 
oft operating techniques were developed, 
some of which are supported by re- 
ported experiences at other plants; 
others of which may be peculiar to 
Alexandria’s operation alone. 

In the elutriation process, it has been 
found that sludge solids tend to gra- 
date according to particle size and 
weight, with the coarser, heavier mate- 
rial at the bottom of the tank. Ex- 
perience has also shown that heavier, 
denser sludge will condition and de- 
water more easily and with less chemi- 


cals than will lighter solids. It is, 
therefore, the practice at the Alex- 
andria plant to maintain a_ sludge 


blanket of 5 to 6 ft in the secondary 
elutriation tank, this depth producing 
maximum concentrations of solids with- 
out overloading the collection equip- 
ment. 

After varying the ratio of wash 
water to sludge over a wide range, it 
was determined that a 3 to 1 ratio pro- 
vided optimum results, using the re- 
duction of total alkalinity in the sludge 


— 
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as a parameter of efficiency. Greater 
ratios do not increase alkalinity re 
movals enough to justify the additional 
expense of wash-water pumping. 

In the operation of the conditioning 
tanks it found that 
time and agitation should be kept to 
the barest minimum, even to the point 
of producing mixing of 
chemicals and only partial flocculation 


has been holding 


incomplete 
of sludge solids to allow for the mix- 
ing caused by turbulence in the piping 
between the conditioning tank and the 
filter vat. Excessive mixing will break 
down the floe as it 
result in 
points of 


is formed and will 
Various 
and 
conditioning 
found 


poor filterability. 
introduction of lime 
chloride into the 
tanks also were tried. It 
that chloride into the 
sludge stream at the tank inlet and 
adding lime at the middle of the tank 
downstream from 
duced the most favorable results. 


ferric 
Was 


feeding ferric 


ferrie chloride pro- 
ric chloride solution is usually applied 
at its delivered strength; that is, ap- 
proximately 40 per cent anhydrous by 
weight, although at times it is diluted 
to approximately 10 per cent by weight 
in day-tanks available for the purpose. 
Lime slurry is made up by adding 400 
lb of high calcium hydrated lime to 300 
gal of The tank is 
equipped with mixing paddles to pre- 
vent settling. 


water. slurry 


In the filter vats it is 
maintain a drum submergenee of about 


necessary to 


12 in. at the lowest point for optimum 
performance. Greater submergence re- 
sults in a thinner, wetter cake; lesser 
submergence causes an excessive loss of 
vacuum. The proper vat level is main- 
tained by controlling sludge feed, regu- 
lating filter drum speeds, or a combina- 
tion of the two. Operation of the vat 
agitators is also an important factor 
and should be held to a minimum to 
avoid destruction of the chemical floe. 
At Alexandria, running the vat agita- 
tors for only 30 to 45 sec every 10 or 15 
min adequately distributes the condi- 
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tioned sludge throughout the vats with 
out breaking up the floe. 

Continuous spray washing of the 
filter coils is hecessary to prevent the 
buildup of solids within the eoil wind- 
ings. The important aspect of this op- 
eration is that the spray must be de 
livered at 50 psi or more to provide 
enough impact to dislodge the sludge 
installed in the 


spray supply piping must be checked 


particles. Strainers 
and cleaned frequently to assure ade 
quate The filter 
acid-washed once a year to 


pressure, coils are 
remove 


chemical seale. 


Records and Laboratory Control 


The maintenance of detailed records 


and a comprehensive sampling pro 
gram are essential parts of Alexandria’s 
On the daily 


log sheet, hourly recordings are made 


sludge disposal process. 
of digested sludge and elutriating wa 


ter quantities, chemical and sludge 
feed rates, and filter cake production. 
Hourly samples of incoming digested 
elutriated filter cake, 
filtrate, and elutriation effluent are eol- 


leeted, composited, and submitted to 


sludge, sludge, 


Krom this 
information daily computations of sol 
filter 
yields, and solids returned to the treat- 


the laboratory for analysis. 


ids processed, chemicals used, 
ment plant are made and entered on a 
monthly sheet. Thess 
are valuable tools in maintaining effi- 
cient and economical operation, 


summary data 


Operating Results and Costs 


In the 1958-59 fiscal year a total of 
4,015 tons of wet sludge cake were pro- 
duced. This represents an average 
filter yield of 6.5 Ib of dry solids per 
foot of filter area per hour. 
Average chemical feed rates were 2.9- 
per ferric 
cent lime, as calcium oxide, on a dry 


square 


cent chloride and 7.5-per 


solids basis. The average moisture con- 
tent of the sludge cake was 78 per cent. 
The elutriation wash water to sludge 
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ratio Was maintained at approximately 
te i. 

In the same period, total operating 
costs averaged $16.38 per dry ton of 
solids broken down as follows: 


Labor 8.10 
Chemicals .. 6.42 
Power and water 1.46 
Miscellaneous. 40 


Total $16.38 
These costs include the laboratory 

work incidental to the but 

include general administrative 


process 


do not 


Costs, 
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EFFECTIVENESS OF THE INTERCEPTION 
OF SEWAGE-STORM WATER MIXTURES 


Perhaps the largest and one of the 
most critical stream pollution problems 
existing in the United States today is 
that of the Missouri and Mississippi 
Rivers in the St. Louis metropolitan 
area. 
and industrial wastes are discharged to 


Huge quantities of both sewage 


these rivers from Missouri and Illinois 


communities, for the most part with 
no treatment. 
Attention was first called to this 


problem by the Bi-State Development 
Ageney in 1954 (1 Meetings 
followed ; 
only been since early 


and 
however, it has 
1959 that 
toward 


As a 


conferences 
real 

the 
result 


has been made 


solution of this problem. 


progress 


of action initiated by the States of 
Missouri and Illinois and the U. S 
Public Health Service, the Surgeon 


General, acting under the provisions of 


the Federal Water Pollution Control 
Act, Public Law 660, held a confer 
ence in St. Louis on Mareh 4, 1958. 


At this meeting, the necessary remedial 
actions and a timetable for their enact- 
ment were set forth. 

As a first step to comply 
course of action outlined at 


with the 
this con 
ference, The East Side Levee and Sani 
tary District, which encompasses some 
13 incorporated areas in Madison and 


Walter Shifrin is Sanitary 
W. W. Horner was Senio 
Horner and Shifrin, St. Lou 


Enqgineey 
, both with 


s, Mo. 


The basie thought and initial work on this 
project were done bu M Hlorne prior to his 
death in September 19 

The paper was presented at the Srd An 


nual Mecting of the Water Pollution Control 


Federation in Philadelphia, Pa., October 2-6, 
1960, 


Walter G. Shifrin and W. W. Horner 
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Illinois, and the 


St. Clair counties of 
Metropolitan St. Louis Sewer District, 


which of St. Louis, 


as well as 96 communities in St. Louis 


includes the ¢ ‘ity 


County, engaged professional assistance 
to develop plans for abating the pollu- 
tion of the River. Al 
though the these two 


agencies are in 


Mississippi 

problems of 
many ways quite dift- 
ferent, they do have one major prob- 
lem in Like the 
older systems throughout the country, 


common. many of 

many of their sewers are of the com- 

bined type, designed and constructed 
both 

water runoff. 


to carry sanitary sewage and 
storm 
This 


method for determining the amount of 


paper presents rational 


the mixture of sewage and storm water 
runoff which should be intercepted for 
treatment. 


Background Data 


Figure 1 shows a typical hydrograph 
covering a 7-day period for a combined 
sewer. This hydrograph was developed 
from actual measurements of the flow 
from one of the Metropolitan St. Louis 
Sewer District outlets during the sum- 
mer of 1959. 
hydrograph shows a definite pattern of 


Initial inspection of this 
dry weather flow. The wide variations 
and the relative magnitude of the dis- 
rain 
fall on three of the seven days are also 


charge due to surface runoff of 
shown. 

Figure J that it 
not be economically feasible to inter 


also shows would 
cept and treat all of the sewage-storm 
water runoff mixture. 


proximate the possible magnitude of 


In order to ap- 
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storm water runoff for comparison 
with sanitary sewage flow, the follow- 
ing examples are presented. 

Normally storm sewers are designed 
with sufficient capacity to carry away 
the surface fre- 
In the 
St. Louis metropolitan area, the sur- 


runoff from a storm 


queney of about once in 20 yr. 


face runoff from a 20-yr storm on a 
watershed cent im- 
pervious and has a 45-min conecentra- 
tion time would be about 2.0 in./hr. 
This runoff would be about 280 to 290 
times the average sanitary sewage flow 
rate. If this 
**built-up”’ 


which is 35 per 


Same area were more 
in nature, say 60-per cent 
impervious, the runoff from a_rain- 
storm of the same intensity would be 


about 2.4 in./hr or approximately 340 


times the average dry weather flow 
rate. 
As pointed out by Camp (2), it has 


long been general practice to design 


FIGURE 1.—Typical hydrograph for combined sewer. 


interceptor sewers with capacities of 
from 2 to 5 times, and in rare cases 
even up to 10 times, the average dry 
weather flow of sanitary sewage. For 
typical large sewer systems such as 
those in existence in the St. Louis area, 
the ratio of the peak to the average dry 
weather sewage flow may be on the 
order of 13:1 to 14:1. In Figure 
1 this ratio is 1.36:1. If five times 
the average dry weather flow were to 
be intercepted, this would result in an 
interceptor system being designed with 
capacity for about 3.7 times the peak 
dry weather flow. 

At present it is estimated that the 
average dry weather sewage flow to 
the Mississippi River from sewers in 
the metropolitan St. Louis area is on 
the order of 180 efs from the Illinois 
communities and 455 efs from the Mis- 
souri side. The Mississippi River, with 
an average discharge of 167,000 efs 
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and a minimum controlled flow of 
45,000 efs at St. Louis, affords on the 
average a dilution of 260 to 1, 
minimum dilution of 70 to 1. 
this available dilution, it is 
that occasional discharges of raw sew- 
age mixed with surface runoff of rain- 
fall will be insignificantly detrimental 
to the quality of the river water. 

With the huge volumes of wastes to 
be handled in the metropolitan St. 
Louis area, the economic considerat ions 


and a 
With 


obvious 


relating to interception and treatment 
become extremely important. The 
available dilution of the Mississippi 
River, as well as the present and future 
downstream uses of the river, allow a 
liberalness not 
in other 


necessarily acceptable 
determining the 
proper interception factor in terms of 
efficiency of treatment and economy of 
initial construction. 


areas in 


Basis of Study 


The primary purpose of this study 
is to determine the proper interception 
factor, sometimes called the ‘‘ dilution 
factor,’’ especially with respect to run 
off resulting from light rainfall, since 
it obviously is not economically feasible 
to intercept the huge quantities of sur- 
face runoff from heavy rainfalls. There 
fore, it is necessary to study rainfall 
frequeney and intensity 
small time intervals. 


in relatively 


data 
the basis for this analysis are 


The meteorological selected as 
those ob- 
tained from the published records of 
the U. S. Weather The 
period chosen for investigation was the 
year 1957, in which there 


Bureau (3 


Was a wide 
variation in rainfall occurrence in the 
St. Louis Additionally, 1957 
was an abnormally with 
precipitation about 140 per cent of nor 
mal. 


area. 


wet year, 


The area originally selected for study 
the watershed drained by the 
sewer system of the City of St 


was 
Louis 
hese sewers also serve some communi- 
ties which lie in adjoining St 
County. For the 


Louis 


most part, these 
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sewers have been and 


structed to carry the combined flow of 


designed con- 
sanitary sewage and storm water run 
off to the Mississippi River for disposal 
Large areas of St. Louis County are 
two of the City 
special consideration 
with respect to interception of the flow 
carried by 


serve by 
which 


systems 
deserve 
them, beeause one is a 
and the 
ready served by a 


separate system other is al- 


system of inter- 
ceptors. 

With the exception of these two SVS- 
tems, the area drained by the remain 
ing combined sewer systems is approx! 
95 300 With an 
future 680.000 


mately 
mated 


acres esti- 
population of 
persons, or 27 persons per acre, the 
estimated future average sewage flow, 
infiltra- 
tion, based on average water constmp- 


not including ground water 
tion for all types of usage, would be 
about 600 efd /aere. 
to rainfall, this flow 
the equivalent depth of 0.007 in. hr 
Subsequent estimates of the ultimate 


To he comparable 


was converted to 


flow, in 
cluding infiltration, for the entire Mis 
sissippi River watershed of the Metro 
politan St. Louis Sewer District con 
firm the foregoing Studies by 
McKee (4 and Johnson 
(6), have reported that the average 


average dry weather sewage 


value. 
Palmer (5 


dry weather flow of sanitary sewage is 
approximately equal to the runoff from 
having an 
0.01 in. /hr 


agreement 


a rainstorm 
about This is in 
stantial with the 
runoff quantity of 0.007 in./hr 
this study. 
actual 
rate of sewage flow 
to be 0.0095 in./hr, or approximately 
136 per cent of the average flow. 


intensity of 
sub- 
surface 
used in 
based on 
the 
has been assumed 


Furthermore, 


flow measurements, 


peak 


Hydrologic Analysis of 
Surface Runoff 


The procedure followed in this hy- 
drologie analysis of surface runoff was 
first to tabulate on monthly computa- 
tion the precipitation 
data for the entire year as extracted 


sheets hourly 
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from the Weather Bureau data. Run- 
off was then estimated for each hour of 
rain during the year. 

All runoff estimates were based on 
the assumption that 35 per cent of the 
surface area is impervious, 65 per cent 
pervious. 
(4) (5) and general experience, it was 
assumed, for the impervious area, that 
approximately 0.04 in. of depth is re- 
quired to create a surface film before 
runoff can begin. The runoff from the 
impervious area was then calculated by 
deducting in. the initial 
hourly rainfall and then multiplying 
the remainder by 0.35. Except for the 
hot dry season, it was also assumed 
that the film of 0.04 in. accumulates 
through successive hours. 


Based on previous studies 


from 


For the pervious area, it was as- 
sumed that the first 0.12 in. represents 
permanent surfa*e retention, and that 
of the condition of the 
ground, the first 0.12 in. in an hourly 
sequence would produce no runoff. In 
rainfalls of greater intensity, the in- 
filtration the first hour was 
generally assumed to be 0.50 in., and 
in the sueceeding hour to be 0.25, re- 
ducing in 


regardless 


rate in 


low 
These are average values 


continuing hours to a 
value of 0.12. 
which have been developed in the past 
from research projects conducted under 
the direction of Horner (7) and Horner 
and Lloyd (8 However, for each 
particular application these figures for 
surface retention and infiltration were 
varied by judgment, recognizing ante- 
cedent and related 
moisture. 


conditions soil 

The results of the foregoing caleula- 
tions showed that out of the 8,760 hr 
in the year, measurable rainfall oe- 
curred in 626 hr, but runoff at a rate 
of 0.01 in. or more occurred in only 
401 hr. These estimates of runoff were 
computed in inerements of 0.01 in. up 
to 0.10 in. ‘hr. 
smaller 


For further analysis 


increments in rate of runoff 


were desired, and a statistical analysis 
was made of the hours of rainfall and 
the rate of runoff. 


From this analysis 
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it was possible to compute the runoff 
in increments of 0.0025 in., as shown 
in Table I, Columns 1 and 2. These 
computations show that of the 626 hr 
of rainfall in the year, 119 produced 
no runoff, 


Analysis of Interceptor Efficiency 


In Table I, computations have been 
carried out to evaluate the effectiveness 
of three interceptors of different ea- 
pacities. The first interceptors had a 
capacity equal to the average sewage 
flow (0.007 in./hr) plus 0.0025 in./hr 
of rainfall runoff. This total capacity 
of 0.0095 in. hr also would be approxi- 
mately equal to the peak sewage flow, 
or about 1.36 times the average dry 
weather flow. Interceptors with ¢a- 
pacities equal to approximately 1.72 
and 2.07 times the average sewage flow 
(127 and 153 per cent of the peak dry 
weather flow rate, respectively) also 
were analyzed. 

The computation procedure used is 
as follows: Column 2 gives the adjusted 
hours of runoff at the indicated rate. 
In Column 3 the average sewage flow 
is added and the total rate of flow in 
the sewer is shown. Column 4 gives the 
calculated percentage of sanitary sew- 
age in the total flow. In Column 5 the 
interceptor capacity has been deducted 
and the values represent that part of 
the flow which would overflow to the 
river. In Column 6 the overflow values 
from Column 5 are multiplied by the 
percentage of sanitary sewage in the 
flow to determine the amount of sew- 
age being bypassed. In Column 7 the 
values in Column 6 are reduced to the 
equivalent number of hours of sanitary 
sewage flow at the average rate of 0.007 
in./hr. 

The significant results of 
are summarized in Table IT. For ex- 
ample, for an interceptor having a 
capacity equal to the peak sewage flow 
rate, it was determined that out of 
8,760 hr in the year, rainfall oceurred 
in 626, runoff greater than 0.0025 in./ 
hr in 507, and overflowing of the inter- 
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te 5 
Item 0.0095 in 


Total hours per year 8,760 8,760 


ceptor 435 hr, or 


Interceptor Capacity Interceptor Capacity 
hr 0.012 in, hr 


Hours of rainfall (1957) 626 626 
Hours of runoff (1957) 507 507 
Hours of mixed overflow 135 378 
Equivalent hours of sewage overflow 

(@ 0.007 in./hr) 271 227 
Per cent time of overflow 5.0 1: 
Per cent sewage discharged 3.0! 2: 


5.0 per cent of the Figure 2 shows 
time. Actual sanitary sewage bypassed foregoing analysis. 


June 


TABLE II.—Relation of Interceptor Capacity to Pollutional Discharge 


Interceptor Capacity 
0.0145 in 


8,760 


626 


50 


DISCHARGE OF UNTREATED SEWAGE 
(PER CENT OF TOTAL ANNUAL SEWAGE FLOW) 


/50 200 


INTERCEPTOR CAPACITY 
(PER CENT OF AVERAGE FLOW) 


FIGURE 2.—Effectiveness of interceptors of different capacities. 


results 
Kor an interceptor 
during these 435 hr is equivalent to with capacity equal to the peak dry 
271 hr of flow at the average dry weather sewage flow 
weather rate. the average flow 


136 per cent of 
only 3.09 per eent 
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of the dry weather flow would be by- 
passed to the receiving stream during 
the year if the selected pattern of rain- 
fall (actual rains of 1957) occurred. 
If the capacity of the interceptor sys- 
tem were increased to twice the average 
sewage flow, or approximately 150 per 
cent of the peak flow rate, the amount 
of raw sewage which would be bypassed 


is only reduced by 0.86 per cent to 
2.23 per cent. A corresponding re- 
duction of only 1.2 per cent in the 


time of overflow is accomplished by 
this increase in interceptor capacity. 
Further analysis of the runoff data 
shows that with the interceptor system 
designed with capacity equal to the 
peak flow there would 
have been 72 actual occurrences of by- 


sewave rate, 


passing, of which only 30 would have 
duration exceeding 6 hr. The 
maximum number of overflows in any 
one month was found to be 12. 


had a 


These 
findings are also in substantial agree- 
ment with those of McKee (4) for Bos- 
ton, Palmer (5) for Detroit, and John- 
for Washington, D. C. 


son (6 


Discussion of Findings 


By going one step further, the effects 
of these interceptors of various sizes 
on the effectiveness of pollution abate- 
ment facilities 


may be shown. It is 


presently contemplated that primary 
treatment will satisfy the criteria set 
forth for treatment of wastes to be 
discharged to the Mississippi River in 
the St. Louis metropolitan area. It 
may normally be expected that if such 
facilities are properly operated and 
maintained, they will remove 90 per 
cent of the floating solids, 80 per cent 
of the settleable solids, 50 per cent of 
the total suspended solids, and 35 per 
cent of the 5-day BOD. 

With an interceptor capacity of ap- 
proximately 150 per cent of the peak 
flow rate, it was shown that 2.23 per 
cent of the total annual flow would be 
bypassed to the river. From the 97.8 
per cent of the flow which would be 
intercepted and treated, 50 per cent 
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of the total suspended solids would be 
removed, thereby effecting an over-all 
removal of 48.9 per cent. By provid- 
ing an interceptor with a capacity 
equal to only the peak dry weather sew- 
age flow rate, this efficiency would be 
reduced to 48.5 per cent. Figure 3 
shows the effect of various size inter- 
ceptors on the removal of other con- 
stituents of the waste flow. With the 
exception of floating solids, these curves 
are based on the percentages of sewave 
bypassed. The percentage of time in 
which overflow occurs was used to de- 
velop the curve for floating solids. 
This difference is due to the fact that 
some portion of the pollutants which 
are distributed throughout the volume 
of the mixture being discharged would 
be intercepted at all times, whereas all 
the floating materials would tend to be 
bypassed during periods of overflow. 
It may be seen that little increase in 
the effectiveness of the removal of the 
various pollutants results from inereas- 
Also, for all 
interceptor capacities shown the over- 
all efficiencies indicated in Figure 3 
lie within the aims of this program as 
stated by the Illinois Sanitary Water 
Board and the Missouri Water Pollu- 
tion Board. 


ing interceptor capacity. 


With respect to coliform removals, it 
is realized that during periods of over- 
flow some pollution will result. How- 
ever, because the River 
downstream from St. Louis is not used 
for recreation except for power boating 
and is not a water supply source for 
many miles, this bacterial pollution 
during the 5 per cent of the time in 
which overflow not deemed 
serious. Furthermore, the Mississippi 
River has fairly high velocities and 
purges itself rapidly at all stages. 
Therefore, no justification is found for 
increasing the capacity of interceptors 
over that of peak dry weather flow to 


Mississippi 


occurs is 


effect greater removals of coliforms 
when only primary treatment is to be 
provided. Kittrell (9) also has ar- 


rived at the same conclusion. 
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FLOATING SOL/OS 


80 


SETTLEABLE SOLID 


70 


60 


50 


ISUSPENDEL 


SOLIDS: 


PER CENT REMOVAL OF POLLUTANTS 


8020 


/40 


INTERCEPTOR CAPAC/TY 


/60 


CPER CENT OF AVERAGE FLOW) 
FIGURE 3.—Effects of interceptor capacity on effectiveness of 


Interceptor capacity obviously has a 
ereat effect on the capital as well as on 
the operating costs of interceptor and 
treatment facilities. 
tercepting sewers, pumping stations, 
and the hydraulic elements of treat- 
ment plants are directly affected. It 
has been estimated that to provide in- 


The sizes of in- 


tereeptor capacity for approximately 
150 per cent of the peak sewage flow 
rate (in other words, twice the aver- 
age flow rate) the cost of sewers would 
be about 30 to 35 per cent greater than 
if capacity were provided for only the 
peak sewage flow rate. 


pollution abatement. 


Conclusions 


Based on the foregoing analysis and 


findings, certain conclusions 
drawn. In evaluating 
sions, it must be 


oceasional 


may be 
eonelu- 
that 


sewave 


these 
mind 
raw 
mixed with surface storm water runoff 
in the St. Louis area will be into the 
River, has a_ tre- 
mendous capacity for assimilating these 


borne in 
discharges of 


Mississippi which 


For smaller and less tur- 
bulent streams, raw sewage discharges 


discharges. 


of the amounts proposed herein con- 
ceivably might affect the 
quality of these streams and could not 


adversely 
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be tolerated. Thus, for the conditions 
prevailing in the St. Louis area, it is 
concluded that: 


1. The selection of interceptor ca- 
pacities in excess of the peak dry 
weather sewage flow rate would pro- 
duce an insignificantly small increase 
in the effectiveness of pollution abate- 
ment at a significant increase in the 
initial cost of the facilities. 

2. For the ratio of peak to average 
dry weather sewage flow used in this 
study (peak flow equal to 136 per cent 
of the average sewage flow), or for any 
ratio in excess of that used in this 
study, there is no justification for 
adopting interceptor capacities in ex- 
cess of the peak sewage flow rate. 

4. For occasional high dry weather 
peaks of short duration, there may be 
justification for selecting interceptor 
capacities less than that of the peak 
flow rate. 


A meeting was held in February 
1959 for the purpose of presenting the 
foregoing conclusions to the water pol- 
lution control agencies involved; that 
is, the U.S. Publie Health Service, the 
Illinois Sanitary Water Board, and the 
Missouri Water Pollution Board. After 
independent review, each of these 
agencies has given its approval to the 
findings of this study. Therefore, pre- 
liminary designs and cost estimates of 
sewage interception and treatment fa- 
cilities for The East Side Levee and 
Sanitary District and for the Metro- 
politan St. Louis Sewer District are 
heing prepared on the basis of provid- 


lication No. 819). 


PROCEEDINGS OF NATIONAL CONFERENCE 


The 600-page Proceedings of the National Conference on Water Pol- 
lution held in Washington last December 12-14 is available (PHS Pub- 


ing interceptor capacity equal to the 
anticipated ultimate peak sewage flow 
rate. 
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OPERATION OF SEWAGE 


TREATMENT PLANTS 


No reasonably accurate evaluation of 
plant performance can be made with- 
out measuring sewage flows. Measure 
ments of the total volume treated in a 
plant, or handled in sewers, in a day, 
week, or year, serve many comparative 
purposes and help chart trends and 
conditions to be reckoned with later. 
Information on total volume handled 
by individual operating units aids in 
the proper operation and maintenance 
of those units. 

Specifically, flow measurements : 


1. Provide information on operating 
efficiency, particularly unit operations, 
such as pumping, sedimentation, oxida- 


tion, disinfection, and digestion. 


21.11 Quantity 


In the ease of fluids (liquids and 
gases), quantity is a measure of either 
volume or mass (weight) of a sub- 
stance confined or contained in any 
given structure, vessel, tank, pipe, ete. 


21.12 Flow 


Klow is quantity in movement from 
one point to another (or past a point) 
in a specified interval of time. This 
fundamental idea of flow may be vis- 
ualized from Figure 21-1, which shows 
a pipe connecting two tanks containing 
a liquid. When the valve at Tank 2 
is closed, there is no movement of 


21. FLOW MEASUREMENT 


21.1 FUNDAMENTALS OF FLOW MEASUREMENT 


2. Make possible intelligent control 
of unit operations such as pump opera- 
tions, dosage rates for trickling filters, 
aeration and return sludge in activated 
sludge, sludge loading on digesters, 
digester heating, sludge disposal opera- 
tions (particularly elutriation, chem- 
ical dewatering, and incineration), and 
in chemical feeding. 

3. Are used to ascertain quantity of 
sewage received from outlying commu- 
nities or from industrial  establish- 
ments; this is particularly necessary 
where charges for treatment are made 
against the outlying community or the 
industries. 

4. Provide data for preparing ree- 
ords of performance. 


liquid from one tank to the other. 
Under these conditions the volume of 


the liquid in the pipe is represented by 
V=A L, in which V is volume, A is 
cross-sectional area, and JL is the length 
of the pipe. 

When the valve is opened, liquid 
moves because it is under pressure 


Free 
Surface 
Dif.| in 
Elevation 
Tonk | Tank 2 


This is Chapter 21 of Operation of Sewage 
Treatment Plants, Manual of Practice No. 11 
Serialization began in the September 1960 
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FIGURE 21-1.—Schematic diagram char- 
acterizing a concept of flow. 
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(head) sinee the liquid in Tank 1 is 
higher than in Tank 2. The quantity 
moving then the number of 
times that the length of pipe, L is filled 
and emptied in a given period of time, 
T. Sinee L/T then 
flowing liquids 


becomes 


velocity, for 


c 


in which 


( = Volume per unit time, 7; 

A Area; and 

V = Velocity. 
Velocity, or some function of it, 
therefore, is a fundamental factor in 
the measurement of flow. It is this 
basie concept on which flow measuring 
devices are based. 

The term is applied 
to measurements of quantity in motion 
for a unit of 


‘‘rate of flow”’ 
time; for example, per 
and, 
Total flow, or volume, 
is the term applied to the total amount 
of liquid moved during any unit of 
time, usually referring to a period of a 


second, minute, or hour, some- 


times, per day. 


Total volume is 
average rate of flow multiplied by the 
total time of flow. Rates of flow of 
liquids are usually expressed in one of 
these units: (a 
(efs): (b) 


day, month, or year. 


cubie feet per second 
gallons per minute (gpm) ; 
million gallons per day (mgd). 


or (¢ 


TABLE 21-1. 


of Treatment 


Imhoff tanks and primary Sewage flow rate, volume sludge 


sedimentation removed 


Separate sludge digestion 


Chlorination 
Trickling filters | Volume sludge 
tion rate 
Activated sludge 


added 
Electricity, 


Miscellaneous 


chased 
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Basic Measurements 


, Rate chlorine feed 
removed 
final settling tank, recircula- 


Rate return activated sludge, 
rate sludge wasted, volume air 


volume 
chased, volume fuel oil pur- 
| 
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Total volume is expressed in cubic feet, 
gallons, or millions of gallons. Rate of 
flow for gases is usually expressed in 
cubic feet per minute (cfm). 


21.13 Location of Metering 
Points 

The location of metering devices 
within a sewage works, including the 
sewer system, is usually dictated by 
factors of design and information 
needed or desired for operation pur- 
poses. All plants, regardless of size, 
require some measurement or estima- 
tion of quantities and rates of flow for 
effective operation. Basie and other 
desirable are listed in 
Table 21-1 according to type of treat- 
ment. 

In view of the relatively low cost of 
metering equipment, it may often pay 
dividends to have extensive metering 
in all larger plants. Complete meter- 
ing will assure availability of informa- 
tion on all phases of operation and 
make it possible to know the perform- 
ance of the whole plant as well as its 
component parts. In the following sec- 
tions is an outline of the meter loea- 
tions for complete metering. 


21.131 Sewers 


1. Main sewers tributary to inter- 
ceptors, 


measurements 


Helpful Flow Measurements 


Other Desirable Measurements 


Volume sludge added per day, | Rate sludge added, rate sludge 
volume digested sludge, vol- 
ume gas produced per day 


removed, rate supernatant re- 
| moved, volume gas wasted per 
day, rate sludge recirculated 


from | Rate sewage applied (if other 
than rate of raw sewage flow) 


gas pur- | Volume water used 
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. Tributary from outside municipal- 
ity, 

. Tributary from industry, 

Lift station discharge, 

. Sampling stations. 


21.132 Pumping 


1. Running-time meters, 

2. Bypass lines, 

3. Influent to 
tanks, 

4. Settled sludge, drawn or pumped. 


individual settling 


21.133 Disinfection 
1. Chlorine, 


2. Water for chlorination. 


21.134 Sludge Digestion 
1. Raw sludge added, 


ie Digested sludge drawn, 

3. Supernatant liquor drawn, 

4. Gas volume produced, 

Heating-water flow, 

6. Recirculation 
changer, 

7. Gas burned for sludge heating. 


through heat ex- 


21.135 Sludge Disposal 


1. Sludge volume handled, 


2. Sludge dewatering: 


(a) Elutriation water, 

(b) Elutriated sludge, 

(c) Dewatered sludge cake, 
(d) Filtrate liquor, 

(e) Chemieals. 


The primary units in flow measure- 
ment are those which actually measure 
the flow (weirs, flumes, nozzle, ete.) 
Secondary units, usually called the see- 
ondary instrument or receiver, convert 
information sensed by and transmitted 
from the primary unit into usable in- 
formation. 


21.21 Fill-and-Draw Devices 


The total quantity of a liquid can be 
determined if the liquid enters 
leaves) a vessel of known dimensions. 


(or 
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21.136 Secondary Treatment 
1. Activated sludge: 


(a) Influent to each aeration 
tank, 
(b) Return sludge to each tank, 


(c) Sludge from final clarifier, 
Sludge to waste, 
(e) Air volume to each aeration 
unit, 
(f) Total air volume. 
2. Trickling filter: 
(a) Influent to each filter, 
(b) Sludge from final clarifier, 
(c) Reeireulated flow. 


21.137 Miscellaneous 
. Electricity, 
2. Fuel oil, 
Potable water, 
Plant water (effluent), 


. Gas used. 


Col 


21.138 Measurements Other Than 
Flow 

1. Temperature : 
(a) Atmosphere, 
(b) Plant influent, 
(c) Digester heating water, 
(d) Digester contents. 
Barometrice pressure, 
Rainfall, 
Wind direction and velocity, 
Gas concentration alarms, 


6. Pressure in pipelines, 
7. Tank levels. 


The change in liquid level in a tank 
permits this measurement. This method 
has the limitation that no flow may 
leave the tank while it is being filled 
and vice versa. 

Average rate of flow can be deter- 
mined by dividing the volume enter- 
ing or leaving a tank by the duration 
of flow. A bucket and a watch con- 
stitute the simplest tools necessary to 
measure rates of flow on a fill-and-draw 
basis. 


The tipping bucket for measuring 
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RECTANGULAR 


digested sludge is another simple form 
of fill-and-draw device; a counter at- 
tached to the bucket will serve as a 
means of caleulating the total quantity 
of flow. Rate of flow is seldom de- 
termined by a tipping bucket, but it 
could be done by timing the number of 
tips over a specified period. 


21.22 Constant Differential 
Meters 


The rotameter is a rate-of-flow in- 
dicator for liquids and gases. It con- 
sists of a tapered tube, smaller at the 
bottom than at the top, and a movable 
element called the *‘float,’’ which rises 
in the tube as the flow through the tube 
inereases. The difference in pressure 
below and above the float remains con- 
stant, and the position of the element 
gives a fairly accurate measure of in- 
stantaneous rate of flow. This device 
is not used for large flows. 


21.23 Head-Area Meters 


A head-area meter is a measuring de- 
vice used only for open-channel flow or 
flow in partially filled pipes. It op- 
erates on the principle that a constrie- 
tion or controlled barrier in the flow 
channel will cause an upstream rise in 
the liquid level (to foree the liquid 
past the barrier). This head or eleva- 
tion of the liquid above the barrier is 
a function of the velocity of flow and, 
therefore, of volume flowing through 
a known constriction per unit time. 


21.231 Weirs:—A weir (Figure 21-2) 
consists of a bulkhead or dam contain- 
ing a recess or noteh, through which 
the sewage flows to fall freely to a level 


V—NOTCH 


FIGURE 21-2.—Some common weirs. 


CIPOLLETTI 


below the bottom of the recess or notch. 
Weirs are generally used in sewers and 
streams for flow 
temporary basis. 

Weirs may have many shapes, such 
as rectangular, V-notch, trapezoidal, 
and Sutro (proportioning weir). Weirs 
are generally sharp-crested so that the 
liquid will break cleanly from the crest 
(Figure 21-3), although broad-crested 
weirs may be used. 

Determination of the head may be 
made in several ways: (@) a staff gage 
or rule, the zero mark of which is level 
with the crest of the weir; (b) a float 
gage; (c) a plumb bob on measured 
line lowered from a reference point 
until the tip just ripples the flowing 
surface; or (d) a hook gage, a metal 
hook from beneath until the 
point just breaks the water surface. 
Where the flow is turbulent, a stilling 
well may be used. 

The V-notch weir is best suited for 
small flows and the angle of the notch 
is commonly 90 or 60 deg. The trape- 
zoidal weir, particularly the Cipolletti 
weir, may be used where the channel is 


measurement on a 


raise 


|, HEAD-h 
WEIR PLATE SHARP CREST 


TT TT 


FIGURE 21-3.—Flow over sharp-crested 
weir. 
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large or where the head cannot be large 
with respect to the width of the weir. 
kor accuracy of measure- 
ment, all weir formulas need to be cor- 
rected for friction, and 
other factors. Tables and charts are 
available for determining the rate of 
flow if the head over the weir is known. 


freater 


contraction, 


Weirs are recognized as inexpensive, 
simple devices, but they do have defi- 
nite limits of Settleable solids, 
floating matter, and stringy material 
tend to either deposit in the approach 
area or collect on the crest itself. 


21.232 Parshall Flume:—The Par- 
shall flume is a widely used measuring 
device; it is an adaptation of the ven- 
turi flume, which was an adaptation of 
the venturi-tube principle to 
channel flow measurement. 

The flume 
section with converging walls and level 
floor, a constricted throat section With 
parallel walls and downstream sloping 


use. 


open- 


consists of an entranee 


floor, and a recovery section with di- 
verging walls and a rising floor. <A 
specially located tap and stilling well 
are used in measuring the liquid height. 
Dimensions of Parshall flumes must be 
held to close tolerances. To improve 
the accuracy of construction, prefabri- 
cated liners are often used for the ap- 
proach and throat sections. 

Flow 
construction 


well as 
discussed in 


and tables as 
details 
most references and handbooks on liq- 


uid measurement. 


21.233 Flow Nozzle: 


are specially 


charts 


are 


nozzles 
outlets for 
placement at the end of a pipe flowing 
partially full. The design of the ceon- 
striction is such that the depth of the 
liquid within the nozzle bears a definite 
relation to the The discharge 
from the nozzle must be free. 


Flow 
constricted 


flow 


Flow nozzles are factory-calibrated 
and have good accuracy over a wide 
range of flow. Where abnormal instal- 
lations exist, calibration should be 
under conditions identical with field 
conditions. A connection can be made 
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to the nozzle through a sediment trap 
to attach a level 
or through a float well or pressure pipe 


direct-reading gage 
to other types of mechanical gages. 
Nozzles 
and will pass relatively 
without clogging. 


normally are self-scouring 


large solids 
Use of flow nozzles 
for heavy sludge, however, is not ree- 
ommended unless calibration is for such 
Any deposition will alter the con- 
tour of the nozzle and its flow charae- 
teristics. 


use. 


Kor this reason the top of 
the nozzle is left open for inspection 
and cleaning. 


21.24 Velocity Meters 


A velocity meter consists essentially 
of a propeller in a pipeline. The pro- 
peller turns in direct relation to the 
velocity of fluid flow. 
when 


Velocity meters, 
channel flow 


ealled current meters. 


used in open are 


21.25 Differential Head Meters 


These meters are in common use and 
have good accuracy. They function by 
means of a change in pressure brought 
about by a constriction of flow. This 
pressure change can be related to rate 
of flow. 


21.251 Venturi Tubes:—The venturi 
tube usually consists of several sections, 
including a conical reducing section, a 
cylindrical throat 

vergent outlet cone. 


The 


section, and a di- 


accuracy of the venturi tube 


will normally be in the range of plus or 
minus two per cent. 


The velocity and 
direction of the flow in the pipe ahead 
of the meter can have a detrimental ef- 
feet on accuracy. 


21.252 Flow Tubes:—Another ven- 
turi-type differential producer is the 
Dall flow tube. It is an accurate pri- 
mary device having a low permanent 


head loss. 


21.253 Orifice:—The orifice meter 
consists of a thin flat plate with a hole 
in it. The hole may be circular at the 
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center of the plate (concentric), or 
tangent to the inside wall of the pipe 
(eccentric). Other variations also are 
available. 

Caution is necessary in the location 
of orifice plates; they must be placed 
in a straight run of pipe with no fit- 
tings for 10 to 15 pipe diameters up- 
stream or for 5 diameters down- 
stream. If swirls or spirals exist in 


The secondary unit of a meter, usu- 
ally called the secondary instrument 
(or receiver), is a device used to con- 
vert information sensed by and trans- 
mitted from the primary unit into de- 
sired information. Liquid levels and 
pressure also can be shown on second- 
ary instruments. 

Secondary instruments are classified 
by (a) type of information desired and 
(b) method of transmission used from 
primary to secondary instruments. 

There are three kinds of information 
that can be obtained from secondary 
instruments, either separately or in 
any combination : 


1. Indication of flow rate, 
2. Running total of flow passing a 
point, 

3. A record on a chart, showing the 
rate of flow as a continuous record for 
each instant throughout the particular 


period of observation. 


These instruments are called, re- 
spectively, indicator, totalizer, and re- 
corder. Combinations of these fune- 
tions are common; the most common 
being the totalizer-recorder, although 
the totalizer-indicator-recorder is also 
quite common in sewage works. The 
choice of any one of these types de- 
pends on the objective of measure- 
ment. For example, a plant influent 
meter might be a totalizer-indicator-re- 
corder; an aeration tank air meter 
might be an indicator-recorder; and a 
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the flow stream as it approaches the 
orifice, longer lengths of straight-run 
pipe are required or straightening 
vanes must be used. 

Orifice plates, like weirs, are, in ef- 
feet, dams behind which solid particles 
will deposit from liquids containing 
settleable solids. They are seldom used 
for measuring sewage, but are used for 


was. 


digester cover level gage might be an 
indicator only. 


21.31 Transmission 


There are three types of secondary 
instruments, designated according to 
the method of transmitting the infor- 
mation from the primary—mechanieal, 
electrical, or pneumatic. 

A mechanical meter is one that is 
actuated by a float or directly by dif- 
ferential pressure. In float actuation, 
the instrument is mounted near a still- 
ing well and the change in liquid level 
is transmitted by means of a float, 
cable, and counter-weight. differ- 
ential actuation, pressure pipes are run 
directly from the differential producer 
to mercury wells of the secondary in- 
strument. 

If the secondary instrument cannot 
be located near the primary unit still- 
ing well, or if there is insufficient head 
to utilize direct connection with the 
secondary instrument, then electrical 
or pneumatic transmission may be used. 

Electrical transmission is usually of 
the time-impulse type. The transmitter 
is a device which contains a eam, 
synchronous motor, and magnetically 
operated mercury switch. The eam 
rotates at constant speed, usually re- 
volving every 15 see. As the cam 


moves, it moves the magnet away from 
the mereury switch to close it. The 
cam-shoe arm is positioned by the dif- 
ferential pressure of a venturi tube, 


i 
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ete., depending on the function being 
measured. The length of time that 
the cam-shoe rides on the cam-face de- 
termines the time the switch is closed 
and this time interval varies in direct 
proportion to the magnitude of the 
variable The same 
proportionate signal which actuates a 
receiving instrument can also be used 
to control pumps, valves, and chemical 
feeders. 

The output signal from an electric 
transmitter can be sent over private 


being measured. 


wires, telephone circuits, or over multi- 
service wires, and can be transmitted 
any distance from a few feet to many 
miles. By means of a sequencing device 
(known as a sequence unit transmitter) 
signals from several transmitters can be 
sent consecutively over the same pair of 
wires. Sequencing is not often used 
in sewage works, but may be used to 
control remote lift station pumping op- 
erations. 

Pneumatic transmission is frequently 
used in sewage works because hydrogen 
sulfide is usually present to some de- 
gree and corrosion of electrical contacts 
and terminals may bea problem. There 
are many other for its 
The transmitter contains a specially 
calibrated cam, positioned by a dia- 
phragm or mercury-well float, and op- 
erates and controls a bleeder valve sys- 


reasons use, 


tem and bellows unit to produce an 
output pressure directly proportional 
to the rate of flow or liquid level being 
transmitted. 

The principal features of pneumatic 
transmission are wiring 
from transmitter to receiver, continu- 
ous (rather than intermittent) output 
signal 


absence of 


(pressure), extreme sensitivity 
to pressure change, simplicity, and rea- 


sonably trouble-free operation. 


21.32 Summation 


It is often desirable to add two or 
more flow rates of individual units to 
provide, on a single receiving instru- 
ment, a total representing the com- 
bined rate. This 


addition is accom- 
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unit, either 
The electrical 
summator receives signals from 


summation 
electrical or pneumatic. 


plished by a 


time- 
impulse transmitters and, by means of 
proper linkages, positions its own time- 
impulse transmitter to represent the 
sum of the individual signals. 

The pneumatie summator 
the output pressure from the individual 
transmitter$, adds them together, and 
by positioning a retransmitter, sends 


receives 


out its own air pressure proportional 
to the total of the individual pressures, 
and, therefore, proportional to the total 
of the individual The output 


signals or these 


flows. 
from sum 
mators may be used for metering, ¢on- 


pressures 


trol of chemical feeders, proportional 
pacing of chlorine feeders, sluice gate 
positioning, and other operations. 


21.33 Receivers 


Since flow varies as the square root 
of the head, secondary instruments or 
take the 
information received and to make nee- 


receivers are constructed to 
mathematical 
that the reading will be in the units 
desired by the operator. 


essary calculations so 
This ealeula 
tion is done in one of two ways: (a 
the chart or the 
square root type, wherein the divisions 


indicator scale is of 


are spaced according to the square of 
the units; or (b) the receiver has a cam 
which extracts the square root of the 
head and converts it to a linear move- 
ment, the indicator or chart showing 
the 


seale. 


observation on a linear chart or 

Where indicator-recorders are used, 
the indicator arm may be separate from 
the chart or it may be attached to the 
pen arm. 
tions 


Indicator-totalizer eombina- 
have an arm 
counter, 


indicator and a 


21.34 Flow Ratio Gages 


For the proper control and operation 
of activated sludge plants, the operator 
must know the relation of air supplied 
to sewage flow, and the relation of re- 
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turned sludge to sewage flow or per 
cent return sludge. - These relations 
ean be calculated from observed data, 
and they also can be determined eon- 
tinuously by flow-ratio gages. For this 
type operation, pneumatic transmitters, 
summators, and an anti-log computer 
are used, 


21.35 Conveyor Scale Metering 


Many waste treatment plants are 
equipped with vacuum filters, and con- 
veyor systems are usually part of the 
installation. A scale mechanism ¢an 
be incorporated into the conveyor to 
continuously totalize and indieate the 
rate of flow of the dewatered sludge. 

The mechanism weighs the loaded 
belt passing over it and at the same 
time subtracts the weight of the re- 
turn belt, plus any material adhering 
to the belt, thus maintaining a constant 


tare; the results are a true net weight 
of the sludge cake. 
Total weight and rate of flow of the 


Many problems arise in the opera- 
tion of flow measuring equipment. It 
is impossible to discuss all that have 
been reported, but a few of the more 
common types are worth mentioning. 


21.41 Negative Head 


Negative head is a condition which 
may occur in a differential producer if 
installation is improper. It occurs 
when the liquid pressure inside either 
or both mercury wells is less than 
atmospheric. When this happens, air 
may enter and become trapped in the 
pressure lines or wells, thereby causing 
serious errors in the readings. When 
the head in a pipeline is insufficient to 
keep a positive pressure on both wells 
of the instrument under all conditions, 
a transmitter at a lower elevation must 
be used, or float pipes may be used as 
an alternate to mercury wells, or the 
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sludge are extremely useful data for 
determining filter efficiency and for the 
proper control of incinerators. 


21.36 Controls 


Meters are extremely useful in pro- 
viding control of flows, chemical feed- 
ing, proportioning, pumping, sampling, 
and other operations. Control can be 
accomplished by electrical, pneumatie, 
or mechanical means. 

When using an electrical system, for 
example, contacts may be preset to 
operate after a predetermined number 
of gallons have passed or when the flow 
reaches a predetermined rate. Timers 
may be used with proportional sam- 
pling systems. Pneumatic systems are 
often used because the output air pres- 
sure from the rate of flow transmitter 
is continuous, thereby minimizing the 
time of response of the controlled unit. 
Straight mechanical control is usually 
limited to the operation of valves and 
pumps. 


secondary instrument may have to be 
moved to a lower position, 


21.42 Foreign Bodies 


Foreign bodies often find their way 
into measuring devices both during eon- 
struction and during operation. Any 
foreign body will adversely affect op- 
erations of a measuring device. Solids 
which build up behind or on the edge 
of weirs and orifices cause errors in 
measurement. The only remedy for 
this situation is to use care to prevent 
the entrance of such bodies and to re- 
move them when they appear. 


21.43 Deposits 


Deposits on the surfaces of a_pri- 
mary device (as, for example, the 
deposition of grease or calcium soaps 
or the growth of slimes on weir and 
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orifice edges) will cause a change in 
flow characteristics of the device and 
measurements will be incorrect. Clean- 
ing is the remedy. 


21.44 Wear, Moisture, 
and Erosion 


Wear on transmitter or receiver 
parts, especially if the wear is on a 
cam, will cause the apparent measure- 
ment to vary from the tare measure- 
ment. 

Moisture in the receiver may cause 
wrinkling of the charts. Protection 
agvainst the elements or some means of 
keeping the chart dry, as by a light 
bulb or heating element in the housing, 
may solve the problem. 

Erosion of the walls of a primary 
device may be caused by the presence 
of sand and gritty particles in the sew- 
age. Continual wearing away of the 
lining of the device will change its 
flow and de- 
crease in accuracy. 


characteristics cause a 


21.45 Pulsating Flow 


Pulsating flow 
flow to measure. 
where reciprocating pumps or 
lobe-type blowers are used. The dif- 
ferences between these two eases is sig- 
nificant. It is not as difficult to meter 
a pulsating liquid flow as it is a pulsat- 
ing gas flow. In the ease of air or gas 
flow, examples can be given where dif- 


is the diffieult 
This type of flow oc- 


most 


curs 
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ferential meters indicate a considerable 
flow when the end of the line is closed 
and there flow. 
caused by a wave 


This is 
pattern 
The 
effect of a particular pulsation on a 
differential measuring a com- 
pressible fluid is impossible to predict, 
If the 
flow must be measured, it is wise to in- 


could be no 
standing 
resonating in the closed pipeline. 
meter 


except for the simplest system. 


stall a compressor producing a continu- 
ous or non-pulsating flow. 

Accurate measurement of a pulsat- 
ing liquid flow with a differential meter 
is often possible, but depends largely 
The 
principal error in measuring this type 
of flow comes from the meter sensing 


on the form of the pulsations. 


an average differential and indicating 
The true 
average flow, however, depends on the 
average of the square root of the dif- 
ferential, not the square root of the 
average differential. The error intro- 
dueed by this situation often ean be 


a flow based on this average. 


calculated and the readings corrected 
Each individual 
must be analyzed and equipment de- 
signed to handle the problem. 


accordingly. case 


21.46 Maintenance 


Continuing accuracy depends on the 
quality of the maintenance program. 
Preventive maintenance is the only in- 
surance breakdowns. 
Good maintenance requires know-how, 


against costly 


tools, and spare parts. 
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22. SAMPLING OF SEWAGE 


22.1 


Nearly everyone agrees that labora- 
tory analyses have little value or mean- 
ing if the material not 
fairly representative of the condition 
or quality which actually prevails. 
With sewage, obtaining this representa- 


analyzed is 


tive sample is the most difficult sam- 
pling problem. 

The greatest obstacle to the collection 
of a representative sample is the lack 
of homogeneity of sewage, particularly 
the 
Accordingly, sampling points 


in its State as it arrives at 
plant. 


must be 


raw 


located where there is good 
mixing of the material to be sampled, 
uninfluenced by previous deposits and 
unrelated effects. The 
tious Operator, therefore, must study 


side conseien- 
his facilities closely to find these points. 

Even under the most favorable ¢ir- 
cumstances, errors or inaecuracies in 
much greater 
than those aseribed to laboratory meth- 


sampling are usually 


ods. Moreover, costly equipment and 


careful work in the laboratory are 
wasted when samples are collected eare- 


lessly. 


22.11 Reasons for Grab 
Sampling 


Grab samples or single cateh samples 


are taken for the following reasons: 


1. Where frequent changes in char- 


acteristics and concentrations of eer- 
tain constituents of the sewage require 
plant 


For example: 


concurrent changes in opera- 


tional control. 


and chlo- 
particularly 
Maintenanee 
within 


demand 
residuals, 


a) Chlorine 
rine 
for disinfeetion., 


of residual narrow 


REPRESENTATIVE SAMPLING 


limits may require frequent 
adjustments of rate of dosage. 

(b) Concentration and settleabil- 
ity of mixed liquor and ae- 
tivated sludge. 


2. Where unusual or undesirable 
constituents or concentrations are ob- 
served. For example: 

(a) Toxie wastes such as eyvanides, 
chromium, or copper. 

(b) Oils and greases. 

(¢) Strong organie wastes such as 
milk, cannery, or tanning. 


3. Where a condition or operation is 
of short duration and quite uniform. 
For example, tests for pH, moisture, 
and volatility on: 


(a) Digester supernatant  with- 
drawal or transfer. 

(b) Raw sludge pumped to di- 
gester from sludge wells. 
Digested sludge going to dry- 
ing beds. 


4. Where a condition or quality re- 
mains relatively uniform for daily pe- 
riods or longer, as for example of sludge 
at selected points in a digester or Im- 
hoff tank. 

5’. Where the sample requires im- 
mediate analysis by reason of a high 
degree of instability of the constituent 
to be analyzed, as for example dissolved 
oxygen, 


22.12 Reasons for Composite 
Sampling 


Composite or integrated samples are 
collected when a measure of the aver- 
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age quality or condition in the plant or 
stream is sought, with sampling cover- 
ing a period usually no longer than 24 
hr. The samples commonly are ob- 
tained for routine analyses of solids, 
BOD, nitrogen, ete. 
tinuous sample should be taken with 


Ideally, a ¢on- 


volumes at all times in proportion to 
rate of flow. Where this is not prae- 
ticable, samples taken hourly and com- 
posited may give reasonably accurate 


22.21 Automatic Sampling 
Equipment 


Some equipment is designed to col 
lect composites in proportion to sewage 
flow by: (a) taking a portion at regu 
lar time intervals, with 
varying with flow, or (b) taking uni 
form portions on a time schedule vary- 
ing with the total flow. Other equip 
ment is designed to collect uniform 
portions at regular time intervals. 


sample size 


Automatie sampling offers these ad- 
vantages: 


1. Elimination of human error in- 
herent in manual sampling; 
2. Reduction of personnel require- 


ments and eosts; 

3. Elimination of a 
which may 
chore; and 


task 
undesirable 


routine 


become ali 


4. Permits more frequent collection 
of portions than is practicable by man- 
ual sampling. 


The limitations of 
plings include: 


mechanical sam- 


1. Equipment requires considerable 
maintenance ; 

2. Close attention is required when 
sampling raw or partially treated sew- 
age containing solids, some of which 
may be of large diameter ; 
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results. 
quired 


Greater frequency may be re- 
Where sudden changes oceur 
with wide variations in composition. 
Where samples are collected during 
a period less than 24 hr, as in small 
plants, a relationship between the qual- 
ity found during the shorter period 
with the daily average should be estab- 
lished. 
tionship should thereafter be applied 


to compute daily values. 


A factor representing this rela- 


4. Equipment is restricted as to size 
of feed pipe, width of scoop, ete. ; 

4. Usually, individual portions must 
be small if very receiving, con- 
tainers are to be avoided ; 


large 


». Daily cleaning of all parts in eon- 
tact with sewage is mandatory. 


22.22 Manual Sampling Equip- 
ment 


22.221 Dipper:—Long-handled  dip- 
per of stainless steel or other corrosion 
resistant material. The dipper should 
be eylindrical in shape with a wide- 
mouth 
inches 


two 
and be large enough to contain 
largest portion to he collected. 


opening (minimum of 


22.222 Weighted Bottle:—A weighted 
device designed to hold a stoppered 
bottle while it is 
sampling depth. 


desired 
A cord or wire Is at- 


lowered to 


tached to the stopper for removal of 
stopper at desired depth. Very little 
sewage will be displaced from the bot- 
tle while it is being drawn to the sur- 
face. 


22.223 Hand-Operated Pump:—A 
tube fixed to the suetion of an ordinary 
“*pitcher’’ pump may be lowered to a 
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desired point from which a sample is 
to be collected. 


22.224 Cross-Section Sampler:—tl or 
stratified solutions, such as sludge in di- 
gesters or sludge blankets in settling 
tanks, a graduated glass or plastic tube 


22.31 Raw Sewage 


Samples should be collected prefer- 
ably after the waste has passed through 
sereening and grit removal facilities. 
Estimate of screenings and grit can be 
added to results of laboratory tests to 


approximate raw sewage. 


22.32 Settling Tank Effluent 


Samples should be taken at the dis- 
charge of the effluent trough or pipe, or 


in the effluent trough itself, or in the 
settling tank just ahead of the dis- 
charge weir. Preference would nor- 
mally be in the order indicated. These 


comments apply equally to primary, 
intermediate, and final sedimentation. 


22.33 Trickling Filter 


22.331 Influent:—A wide-mouth jar 


buried in media below distributor arms 
will usually suffice. 


22.332 Effluent:A sample may be 
collected in filter effluent trough, if ae- 
cessible, or 


tling tank. 


in inlet to secondary set- 


22.34 Aeration Tank Mixture 


Samples should be collected in loca- 
tions having as much turbulence as pos- 
sible, insuring a well-mixed specimen. 


22.35 Chlorine Residual 

For single-stage chlorination, collect 
sample at point of discharge of effluent 
to receiving waters. 
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or cylinder open at both ends and 
stoppered may be used. The tube is 
lowered through the tank with both 
stoppers removed, cutting a ‘‘cross-see- 


tion’’ sample. In sampling position, 


the stoppers are put in place by a lever 
arrangement. 


22.36 Sand Filter 
22.361 Influent: 


Collect sample 
from dosing chamber or 
from distributor onto the sand bed. 


at discharge 


22.362 Effluent :—Collect sample at 
discharge of underdrainage system. 


22.37 Sludge 
22.371 Raw Sludge: 


If raw sludge 
ean be drawn from the settling tank 
hoppers into a well or pit before pump- 
ing, it should be mixed, then a repre- 
sentative sample dipped directly from 
this well. 


Also, samples may be col- 
lected from openings in pipes near the 
sludge pumps or from the pump itself. 


22.372 Return Activated Sludge:— 


Samples may be collected from : 


1. Pump suction well, 
2. Pump or adjacent piping, or 

3. At point of discharge of return 
sludge to the primary effluent. Sample 
point should be located in region of 
good agitation to insure suspension of 
solids. 


22.373 Supernatant Liquor :—Sam- 
ples may be collected from sampling 
cocks provided for this purpose in di- 
gester control room or through the 
digester cover opening using a weighted 
sampler or cross-section sampler. 


22.374 Digested Sludge:-—-Samples 
should be taken at point of discharge 
of digester draw-off pipe to drying 
beds or drying equipment. 


|_| 
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22.41 Below Weirs 


Care should be taken in sampling be 
low a weir since deposition of solids in 
the pool upstream from the weir and 
floating oils or grease just downstream 


can cause errors in sampling. 


22.42 Sewers and Channels 


Care should be taken to avoid skim 
ming the surface (scum and greases), 
and dragging bottom or sides. A sam 
ple collected from the 


the eross-section of flow is most de 


sirable. 


22.43 Wide Channels 


Samples should be 
the middle third 
channel and the 
should be rotated 
always taking care to avoid disturbane 
of the channel 
point where the velocity 
prevent settling. 


collected from 
vertically of the 
point ot collection 


ehannel, 


1 
across the 


sides and TO select u 


is sufficient to 


22.44 Deep Sewer Manholes 


Care must be taken to 


traneous material in the 


prevent ex 
manhole from 
entering the sample. 


22.45 Settling Tanks 


An. effluent 
from the 
should be collected just 


sample taken direct ly 


tank (see Section 22.32 


ahead of the 
outlet weir and below any scum layer 


22.51 Grab Samples 


The volume collected should be 
enough for the laboratory 


test to be 
made plus an additional amount for a 
in case of doubtful 
or failure of the first test caused by 


second test results 


spillage, equipment breakdown, ete 
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22.46 Unscreened Sewage 


Where it is not practicable to sample 
raw sewage following screening, a con 
siderable portion of the sewage should 
be collected in a pail or other large con 
tainer, well mixed, and then sampled 
as usual. 


22.47 Special Test Sampling Lo- 
cations 


Sometimes 


should be col 


lected from several points in the same 


sample 


tank or channel. 


1. In 
solved oxygen level is likely to be near 
the outlet and the 
inlet. 

2. In 
mum dissolved oxygen level probably 
will be near the 
near the outlet. 


For example : 


aerators the maximum. dis- 


minimum near the 
tanks, the maxi 


final settling 


inlet and the minimum 


22.48 Sludge 


A sample drawn from a sludge pump 


represents only the quality and con 
centration of sludge being pumped at 
the instant the sample is drawn. Since 


these characteristies may vary rapidly, 
portions of sludge samples should be 
drawn into a pail several times during 
The 


sludge should be well mixed in the pail 


the sludge-pumping operation 
before removing a sample for analysis 


Also see Section Ga ai. 


The frequency of collection of these 
samples usually is determined by the 
For 


iInstanee, samples for chlorine residual 


specific determination to be made. 


tests might be collected hourly, while a 
grab sample .for dissolved oxygen in 
the receiving stream might be collected 
only once a day. 
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22.52 


The composite sample, in addition to 


Composite Samples 


reflecting the COMLpPoOsition of each por- 
tion, reflect. the 
position for the total period of collee- 
tion. 


should average 
To this end, individual portions 
are commonly collected in amounts pro- 
portionate to the waste flow. 
Satisfactory results are also obtained 
by collecting a portion of uniform size 
each time a predetermined amount of 
flow had passed the sampling station. 


Using this scheme sumples are ¢ol- 
lected more often during high flows 
and less often during low flows. The 


1. Collect enough sample in a suit- 
Error can result from 
collect portions 
for a composite sample. The sample 
should be 
treatment 


able container. 
attempting to small 
taken from a point in the 
has 
created a somewhat homogenous condi- 
tion. The 
the collection of a relatively small por- 


process where mixing 


nature of sewage prevents 


tion that represents the whole. This 
is particularly true of raw or unset- 
tled sewage. A minimum sample 


should be at least 100 ml and a sample 
containing any unusual particles should 
be rejected. 

2. Always mix the sample before re- 
moving a portion. If this operation is 
neglected, the liquid removed will not 
represent the original. Mixing may be 
accomplished by shaking, stirring, or 
other means, depending on the analyses 
to be conducted and the judgment of 
Careful 
able for a BOD test, whereas shaking is 


the analyst. stirring is suit- 


fine for a solids determination. 

3. When removing a measured por- 
tion of sample, use appropriate method. 
kor example, if a portion of 50 or 100 
test 
pended. solids, it is better to use the 


ml is desired for a such as sus- 


correct-size graduated cylinder or vol- 
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necessity for continuous observation of 


flow meters and the non-uniform sched- 
ule of sampling is a disadvantage of 
this procedure. 

The volume of the composite usually 
varies between one quart and one gal- 
lon. Single portions seldom are smaller 
than 100 ml and preferably not less 
than 200 ml. 
ple would be a continuously collected 
sample with volumes at all times in 
proportion to rates of flow, over a full 
24-hr period. 


Ideally, a composite sam- 


Where this is not pos- 
sible, portions may be collected at fre- 
quent intervals, such as one an hour. 


umetric flask. The sample should be 
thoroughly mixed and rapidly poured 
into the measure. It is preferable to 
miss the exact amount by a small de- 
gree rather than to use extreme care in 
pouring. Extreme care in pouring al- 
lows time for the particles in suspen- 
sion to settle, resulting in error. Ina 
test such as a total solids or suspended 
solids in sewage, the cylinder or flask 
can be rinsed with distilled water and 
the rinsings added to the evaporating 
dish or crucible without adversely af- 
fecting the results. 

Smaller portions such as might be 
used for BOD tests can 
with a pipette. 


be measured 
Ilowever, a fine-tipped 
pipette can cause error by straining 
out larger particles. The pipette tip 
(graduated pipette) can be enlarged 
or cut off. If the opening is sufticiently 
large, the pipette can be filled by dip- 
ping into the container of mixed sam- 
ple, eliminating the need for using the 
mouth or a pipette bulb. Only one 
portion should be pipetted at a time, as 
the delay in dispensing more than one 
portion from the same pipette allows 
the contents to separate in the pipette. 

Good judgment is necessary in all 
measuring operations. If the analyst 
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realizes the possible causes of error, he 50°F. With 
can often devise procedures to mini 
mize them. 


a thermometer inserted 
through the stopper of a refrigerated 
bottle of water, the temperature can be 
4. Preserve the sample during any read without 


the rapid change that 
delay before analysis. For routine results from 


opening a_ refrigerator 
sewage tests, refrigeration is adequate. and reading an unprotected thermom- 
The temperature should be less than eter. 


This chapte r comple te Ss the S¢ rialization oOo} the Fe de rda- 
tion Manual of Practice No. 11, “Ope ration of Se wage 
Treatment Plants.’’ 

The manual will be printed as a separate volume in the 
coming months. Watch the Journal for further announce 
ments. 

Readers have been invited to make critical comments 
on the contents of the manual. Such comments will be 


evaluated by the Subcommittee on Ope ration of Se wade 
Plants prior to making final corrections. 

You are again urge d to share your ve view of the 
manual with the Subcommittee. Address all corres pond- 
CCE to the Fy de ration offic €. All COLIN nts rece ive d by 
August 15 will be considered by the Subcommittee. 
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TIPS AND QUIPS 


Modern Sewage Treatment 


The accompanying photo, taken on 
the nuclear-powered Polaris Ballistic 
Missile Submarine USS George Wash- 
ington, shows waste material being de- 


posited in a specially designed mesh 
bag which, when weighted with a 
brick, is fired from the submarine. 

We hear rumblings of sending radio- 


active waste into outer space but wager 
there considered 
ordinary sewage to be a missile. 


are few who ever 


Official U. 8. Navy Photo 


Loading mesh bag with waste and a 
brick preparatory to firing from USS 
George Washington. 
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Sewerage Safety 
Other cities can take a lesson from 
Brooklyn's safety school. 
Since 1951 the city has had training 
facilities consisting of the following: 


1. full-scale model sewer, com- 
pletely above ground, consisting of 45 
ft of 36-in. corrugated steel pipe lead- 
ing into a brick manhole 8 ft high, 
complete with 
head, and cover. 


sewerage 


sewer stubs, manhole 

2. A gas or smoke chamber standing 
about 6 ft from the manhole of the 
sewer assembly. It is 8 * 8 x 8 ft in 
size, built of fire-retarded wood and 
floored with An overhead 
platform, paved with asphalt and sur- 
rounded with guard rails, connects the 
chamber and top of manhole, serving 
both as a roof for the chamber and a 
section of simulated roadway in which 
the manhole is set. 


eonecrete, 


A stairway affixed 
externally to a wall of the gas chamber 
provides access to the platform. En- 
trance to the chamber is by a conven- 
tional door, and the exit is a ground 
level hatch door deliberately 
made only 3 ft high. 


Brooklyn 
safety 


escape 


attributes its 
record largely to 
training program. 


excellent 
the safety 


Full details were reported in Ameri- 
can City, 75, 1, 69 (Jan. 1960). 


Engineers’ Attitude 


A study by the Professional Engi- 
neers Conference Board for Industry 
in cooperation with the National So- 
ciety of Professional Engineers about 
engineers’ attitude on professionalism 
revealed some interesting differences of 
opinion. 
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1. Fifty-six cent of managers 


felt their companies recognize the pro 


per 
fessional status of engineers to a ‘* very 
high’? degree, but only 26 per cent of 
engineers agreed. Fifty-one per cent 
of the engineers felt their professional 
status was recognized by companies to 
only a ‘moderate’ degree. 

2. Almost 70 
said management 


per cent of managers 


shows ‘‘genuine re 
spect’’ for engineers, but only 36 per 
Ninety per 


engineers 


cent of engineers agreed. 

cent of managers rated 
among the valuable employees, 
but only 52 per cent of engineers felt 


most 
they are so regarded. The report states 
that if companies are doing all they 
say they are many of these programs 
and 
through to engineers. 


policies are not now getting 

3. Before interviews were conducted, 
surveyed companies were analyzed and 
rated on actual efforts to promote pro- 
the 


high scoring companies, 44 per cent of 


fessionalism among engineers. In 


engineers think management really be 
lieves in the professional status of e1 
gineers, while only 7 per cent of engi- 
neers in the lower scoring companies 
agree. Fifty-three per cent of engi- 
neers in the lower scoring companies 
said engineers are ‘‘sort of a com- 
modity—let go quickly if business is 
poor,’’? but only 17 per cent of engi- 


neers in high scoring companies agreed. 


Coffee Break 


Approximately half of the 
of industrial organic wastes produced 
in New coffee 
erounds. 


tonnage 


Jersey consists oft 


Sanitary Engineering News 


Russian Pollution 
Russian newspapers are alarmed at 
the pollution of Russia’s 225,000 miles 
of rivers, which is killing fish and 
endangering public health. The north- 
ern Donetz River, the ‘‘Ruhr of Rus- 


sia’’ receives 275 mgd of sugar, chem- 
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We ean 


river systems In 


ical, and steel plant wastes. 
think of a number of 
the U. S. which 
better condition if 
received only this amount of waste. 


would be ino much 


they individually 


Engineers’ Job Outlook 


If one midwestern school’s experi 
ence can be considered representative, 
employment for graduating engineers 
continues to be bright. A study of 205 
companies by Northwestern University 
revealed that industry expected to hire 
6 per cent more engineers but 3.2 per 
cent fewer non-technical graduates this 
spring. Engineers’ salaries are ex 
pected to average $520 a month, com 
pared with $450 for those trained in 
business specialties 

Last year the typical graduate inter- 
ested in industry had 
with 2.4 job offers. 


job interviews 


Engineers’ Salaries 


the 
Labor Statistics eom- 


A nationwide salary 
U. S. 


study by 
Bureau of 
paring engineers’ salaries in industry 
and government indicate, as expected, 
that those in industry fare better eco- 


nomically than do federal employees. 
Six 


levels of industrial engineers 
were surveyed, starting with a trainee 
level of professional work typically re- 
The follow- 
ing table shows those in comparison 


with the federal GS ratings. 


quiring a college degree. 


Grade Level 


ngineer 
ngineer 
<ngineer 
ngzineer 
ngineer 
ngineer 


The full report, BLS Bull. 1286, is 
available at 35 cents a copy from the 
Superintendent of Documents, GPO, 
Washington 25, D. C 
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NEWS AND NOTES 


O. J. Muegge, State Sanitary Engineer 
of the Wiseonsin State Board of Health, 
received distinguished serviee citation 
from the University of Wisconsin College 
of Engineering faculty and the university 
presider t. 

Thomas R. Glenn, Jr. has been ap- 
pointed Executive Secretary of the Ameri- 
ean Sanitary Engineering  Intersociety 
Board, In and the office of the Board 
has been moved to P. (), Box 143, Highland 
Park, N.. d. 

Lock Joint Pipe Co., Kast Orange, N. 
J., recently acquired Corroplast, Ine., Pas- 
saic, N. J., 
chloride pipe and other shapes. 

John R. Williams is a busy man. In 
addition to being the consulting 
engineering firm of Johnson & Williams he 

President and founder of the Potomae 
Bank and Trust Co. in Falls Church, Va., 
President of the Williamsburg 
Corporation, which owns the Williamsburg 
Shopping Center in Fairfax County, Va. 

Murray A. Wilson of Wilson & Co., 
been elected President of 
the National Society of Professional Engi- 


extruder of rigid polyvinyl 


owner ot 


and also ts 


Salina, Kans., has 


neers, 

Charles V. Costello, 
Liberia in an 
water treatment program. 

Fred E. Lange is now Director of Tech- 
nical Municipality of Metropoli- 
tun Seattle (Washington). He formerly 
was Engineer and Manager of the Vallejo 
(California) Sanitation and Flood Control 
District. 

Rolf Eliassen 


University 


Binghamton, N. 


now in instructional 


Ices, 


Stanford 
Civil 
Engineering in the fall. He now is Acting 
Head of the Department of Civil and Sani- 


will join the 


faculty as Professor of 


tary Engineering at Massachusetts Insti- 
tute of Technology, where he has been 
since 1949, 

Abel Wolman, [Professor of Sanitary 


Engineering at Johns Hopkins University 
in Baltimore, Md., and Thorndike Saville, 
consulting engineer and active on the staff 


People and Events in the Wastewater Field 


Ove 


of the University of Florida in Gainesville, 
were among the four named honorary mem- 
bers of ASCE at its recent convention. 

Frank S. Taylor recently was appointed 
Superintendent and Engineer of the Okla- 
homa City Water Department, succeeding 
Morrison B. Cunningham, whi had served 
the City for 41 years. Mr. Taylor received 
the Bedell Award in 1950, 

Atlanta, Ga., recently dedicated its new 
South River Water Pollution Control Plant. 

Ray V. Tilly has retired from the firm 
of Crawford, Murphy & Tilly, Springfield, 
Ill. Charles L. Ritchie has been named as 
an associate of the firm. He formerly was 
with the Illinois State Department of Pub- 
lie Health. 

Claude K. Rice, Analytical and Testing 
Section Coordinator for the Gulf Oil Cor- 
poration’s Philadelphia Refinery Technol- 
ogy Laboratory, recently received ASTM’s 
Max Hecht Award, given annually for out- 
standing work in the field of industrial 
water, 

The Penn Instruments Division of 
Burgess-Manning Co. has become a part of 
the Penn Meter Co., Philadelphia, a newly 
formed corporation. 

A. D. Caster has been elected President 
of the Technieal and Scientific Societies 
Council in Cincinnati and Vice-President of 
the Ohio State Society of 
Engineers. 

M. S. Campbell, Chief Engineer of the 
H. D. Fowler Co., Seattle, has been ap- 
pointed to the Washington State Board of 
Health. 

A. M. Buswell has retired from his 
duties as Research Professor at the Uni- 
versity of Florida and is devoting full time 
to consulting activities. 

Harris Seidel was in Taiwan recently 
on a study for the World Bank. 

Franklin L. Sommer has rejoined the 
Simplex Valve and Meter Co., Lancaster, 
Pa., in the capacity of District Sales Man- 
ager for the Philadelphia area. 


Professional 
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The Treatment and Disposal of Sewage 
Sludge. By W. F. Brown. Jour. Inst. 
Munic. Engrs., 87, 65 (1960). 

The author surveys the methods used for 
the treatment and satisfactory disposal of 
sludge from sewage treatment plants. <A 
sludge treatment process must be economi- 
cal, pathogenically safe, nuisance-free, and 
should be salable. 

Digestion, usually mesophilic, can reduce 
the organie content of sludge by up to 60 
per cent and produce 1 cu ft/cap of a gas 
mixture of CO, and CH, with a calorific 
value of 650 to 700 Btu/cutt. It was found 
in Britain that dehydration of sludge was 
becoming more difficult due to the increased 
protein content—an indicator of a rising 
standard of living. 

Natural drying of sludge on under- 
drained beds tended to be a slow process 
during English winters and storage in 
lagoons or provision of extra bed space 
was often necessary. 

Chemical conditioning with salts such as 
ferric chloride, aluminum, chlorohydrate, 
ete., was necessary before mechanical meth- 
ods of dewatering. This conditioning also 
aided natural sludge drying. 

Pressure filtration, a messy, batch proe- 
ess, had been replaced by vacuum filtration 
which worked well for all sludges (for 
activated sludge only when well nitrified). 
The blinding of sludge on the filter cloth 
had resulted in the use in the U.S.A. of 
coil springs or nylon threads as_ filter 
media, but these media allowed appreciable 
amounts of fine solids to pass through into 
the filtrate. 

Sludge conditioning by heating to 360°F 
is thought to give a highly polluting liquor 
and odors, while sludge freezing in con- 
junction with chemical conditioners as 
tested on laboratory and pilot scale can 
give yields of up to 100 times that ob- 
tained by using the chemical conditioners 
alone. Refrigeration power costs would 
be high. 


Please send to Federation headquarters all periodicals, bulletins, special 


tions are particularly desired. Address such 
4435 Wisconsin Ave., Washington 16, D.C, 
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Heat drying systems are the rotary kiln 
type and the flash drying system which 
produces %%-in. diameter sludge pellets. 
Capital and maintenance costs amount to 
£15 to 20/ton of which 50 per cent can be 
recovered by sale of dried sludge. The 
simplest method of disposal of wet sludge 
is by trenching or lagooning; digested 
sludge can be piped wet, or taken by 
tanker to nearby sites for fertilizer for 
animal fodder crops. Landfill with sludge 
may give rise to groundwater pollution and 
possible danger of spontaneous combus- 
tion. One third of the sludge from Eng- 
land and Wales is dumped at sea. 


D. JENKINS 


Hydraulic and Sediment Survey of the 
Estuary of the River Tyne. Report 
for the year July 1959 to June 1960. By 
E. Miuuer, J. H. ALLEN, anp D. G. 
Haut. Bull. 20, Dept. Civil Engr., Univ. 
Durham, King’s College, Neweastle upon 
Tyne. 

Early in 1959 the Hydraulics and Hy- 
drology Section of the Department of Civil 
Engineering, University of Durham, began 
a tidal and sediment survey of the estuary 
of the River Tyne. Later a Committee 
of Tyneside local authorities, which had 
been formed to examine the possibility of 
modern sewage disposal in the area, pro- 
vided additional financial assistance to en- 
able the survey work to be expedited. This 
Bulletin is the report of the first full year’s 
work, 

Some of the preliminary general conelu- 
sions are as follows: 


1. During an average tide the volume of 
water in the estuary at high water is about 
114 times that remaining at low water. 

2. The average freshwater flow entering 
above the tidal portion of the estuary is 
about 1,500 efs, ranging from less than 200 
to over 10,000 efs. (The corresponding 


volume of sewage entering the estuary is 
65 ets.) 


reports, ete., 
which might be suitable for abstracting in THIs JOURNAL. Publications of public health de 


partments, stream pollution control agencies, research organizations, and educational institu 


material: Water Pollution Control Federation, 
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3. The dilution with tidal sea 
water could be about 300, but mixing is 
far from complete owing to saline strati- 
fication in the estuary. This stratification, 
marked at times of 
flood flow from the freshwater reaches. 

4, The net 
complete cross section of river water was 
found to be between 0.4 ond 0.9 mile in a 
complete tidal cycle. This is, of 
greatly affected by stratification. 


average 


fortunately, is most 


downstream movement of a 


course, 
The sur- 
face waters can move three times as far as 
the average, while the bottom waters move 
predominantly upstream, 

5. On the ebb tide the concentration of 
suspended solids is more or less uniform 
throughout the river water, averaging 15 
to 20 mg/l. On the flood tide, however, 
the much higher bottom velocities bring the 
bottom silts into suspension and move quan- 
tities of particles upstream; in one case, 
for example, it was calculated that 30 per 
cent solid material 
with the flood than 
downstream with the ebb tide. 

6. The river brings down into the tidal 
estuary about 15,000 
solids (dry weight) per year. 


more was carried up- 


stream was carried 


tons of suspended 
Maintenance 
dredging in the river is concentrated in 
The content of the 


river muds increases downstream until 2% 


three zones. organic 
miles short of the river-mouth piers, where 
it starts to decrease, reaching zero at the 
piers. 

7. Phenol 


were measured and were low. 


and cyanide concentrations 


8. The estuary is deficient in dissolved 
is interesting 
to observe that this should be expected from 
the work of the Royal Commission on Sew- 
age Disposal (1898-1912) which, although 
it was not concerned with estuaries, 


mended that: 


oxygen in the summer. (It 


(a) Where available dilution is 150 to 
300, the suspended solids must be 
reduced to 60 mg/] before discharge 
—there is no BOD requirement; this 
calls for chemical precipitation. 

(b) Where available dilution is 300 to 
500, the suspended solids must be 
reduced to 150 mg/l; this calls for 
plain settlement. 


The Tyneside sewage receives no treatment 
whatever before discharge.) 
Prerer C. G. Isaac 
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ABSTRACTS 


BOOKS, REPORTS, 
PAMPHLETS 


Part 1, Determination of the Quantity 
of Oily Substances on Beaches and in 
Nearshore Waters; and Part 2, Char- 
acterization of Coastal Oil Pollution 
by Submarine Seeps. Parr 1 py THE 
SANITARY ENGINEERING RESEARCH LaBo- 
RATORY, UNIVERSITY OF CALIFORNIA; 
Part 2 py THE Ropert A. Tart Sani- 
TARY ENGINEERING CENTER, UNITED 
Pustic HEALTH State 
Water Pollution Control Board, Saera- 
mento, Calif. Publ. No. 21. 62 pp. 
Price, $1.50 (1959). 

A report of investigations of the oil 
pollution problem from coastal oil fields 
encountered in offshore California waters. 


An Industrial Waste Guide to the Cot- 
ton Textile Industry. By THE NATIONAL 
STREAM SANITATION COMMITTEE OF THE 
AMERICAN ASSOCIATION OF TEXTILE 
CHEMISTS AND COLORISTS IN COOPERA- 
TION WITH THE NATIONAL TECHNICAL 
TasK COMMITTEE ON INDUSTRIAL 
Wastes. U.S. Dept. of Health, Educa- 
tion, and Welfare, Public Health Service, 
Washington, D. C., Publ. No. 677. 23 
pp. Price, 25¢ (1959). 

The fifth in this series of industrial waste 
guides. Defines the textile industry waste 
problem and deseribes remedial measures 
and treatment methods. 


A Simplification of Textile Waste Sur- 
vey and Treatment. By Josern W. 
MASSELLI, NicHOLAS W. MASSELLI, AND 
M. Burrorp. New England In- 
terstate Water Pollution Control Com- 
mission, Boston, Mass. 68 pp. (1959). 
An extensive research report of cotton, 

wool, and synthetie fiber waste problems. 

Basic aim of report is to bring together 

data to simplify the solution of waste prob- 

lems. Simplification of treatment methods 
is also discussed. 


A Digest of State Air Pollution Laws. 
By M. RoGers AND SIpNEY 
EpELMAN. U.S. Dept. of Health, Edu- 
cation, and Welfare, Publie Health Serv- 
ice, Washington, D. C., Publ. No. 711. 
117 pp. Price, 75¢ (1959). 
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INTERNATIONAL RESEARCH 


CONFERENCE PLANNED FOR 1962 


The Water Pollution Control Fed- 
eration is principal U. 8. for 
an International Conference on Water 
Pollution Research expected to be held 
in or near London during September 
1962. 

The program of the Conference will 
be generally divided into three sym 
posia, expected to continue through one 
calendar The titles of 
symposia and their chairmen are as 
follows: (a) Self Purification of Fresh 
Water Streams and the Effects of Pol 


sponsor 


week. these 


lution on Fisheries, Dr. B. A. South- 
gate, Director, Water Pollution Re- 
search Laboratory, Stevenage, Eng 


land; (b) Treatment of Sewage and 
Industrial Wastes, Professor W. W. 
Eckenfelder, Jr., Professor of Sanitary 
Engineering, Manhattan College, New 
York, N. Y.; and (c) Effects of Pollu 
tion on the Marine Environment, Dr. 
EK. A. Pearson, Professor of Sanitary 
Engineering, University of California, 
Berkeley, Calif. 

Each symposium will include a maxi- 
mum of 16 papers. All papers will be 
preprinted and distributed to preregis 
trants for the Written 
discussion will be invited for presenta 
tion at the meeting and publication in 
the proceedings of the meeting. 


Conference. 


There has been an increased emphasis 
on water pollution research both in the 
United States 
search has 


abroad. This re- 
directed toward a 
better understanding of the effects of 


wastes on fresh-water streams and the 


and 
been 


marine environment and improved ef- 
ficiency and economy in treat 
ment methods. The interchange of re 
search methods and results between the 
United States and the rest of the world 
has been limited because of publication 
and language barriers. The proposed 
International Conference on Water Pol- 
lution 


waste 


Research is designed to en- 
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courage research specialists to exchange 


ideas with other leading research in 
vestigators. This Conference is the 
only forum devoted to this particular 
purpose. 

The invited European sponsors in- 


clude two Federation Member Associa 
tions, the Institute of Sewage Purifica- 
tion (British) and Abwassertechnische 
Vereinigung 
the 
the Scottish River Purification Boards, 
Federated British 

Great Britain, the 

vranization, the 


(German Others in- 


clude River Boards Association, 


Industries, all of 
World Health Or- 


and Organization for 


Economie Cooperation and Develop 
ment in Paris. 
Invitations have been extended to 


potential authors to submit abstracts of 


papers describing current research 
The final program will be made 
up of papers selected by the symposia 


committee chairmen. 


work 


Steering commit- 
tee chairmen for various areas partici- 
pating are as follows: for the American 
continent and Japan, Professor W. W 
Eckenfelder, Jr.; for the British Com 
monwealth, Dr. B. A. Southgate; for 
Europe, Professor E. Leclere, Belgium 
Center for Study of Water, who has 
also been invited to serve as President 
of the Conference; and, for the Soviet 
Union, Professor C. M. Drachey, A. N. 
Sysin Institute of 
Hygiene, USSR. 


General and Social 


If enough are interested it may be 
possible to obtain economically attrac- 
tive charter air travel. Conference 
participants will have the opportunity 
to inspect noteworthy waste treatment 
works and facilities 


England and on the continent. 


both in 
Please 


mark the anticipated dates of Septem- 


research 


ber 3-7, 1962, as the most likely week 
for this important International Con- 


ference, 
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CURTAIN OF FLAME’ 
INSURES POSITIVE IGNITION © 


Varec eliminates ignition problems with its new, flare type 
Fig. No. 239 Waste Gas Burner. The burner’s unique “cur- 
tain of flame” provides dependable ignition no matter how 
variable the flow of gas through the burner. There is no 
loss of pilot flame due to down draft. 


Other outstanding features of the new unit include its high 
burning capacity...an adjustable shutter on the air mix 
chamber that regulates draft...a high pedestal, packed with 
‘ insulation to prevent freezing...and rugged construction, 

with all parts made of steel, stainless steel or heat-resistant 

cast iron. For critical service, sensing and ignition elec- 
trodes are available for remote or automatic pilot control. 


full information on the Varec 


For Waste Gas Burner—or 
Varec’s complete line of advanced design gas control equip 
ment, write for Catalog S-4, Dept. JWP-1222-6. 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street * Compton, California 


Branches and Representatives in Principal Cities 
TRADE MARK 


317a 
‘Cc rs aesig ed + 
orifice inthe pilot flame 
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WATER POLLUTION CONTROL PRODUCT GUIDE 


list was derived by 


bers and advertisers. 
year are included. 
this issue. 

of JOURNAL. 
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This list of products and services is offered as an information aid. 
firms listed. 
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All Associate Members and all advertisers for the past 
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Aerators (also see Diffusers, Air) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Graver Water Conditioning Co. 

Infilco Inc. 

Link-Belt Co. 

Pacific Flush Tank Co. 

Penberthy Mig. Co., Div. 
Eclipse Corp. 

Permutit Co., 
mutit Inc. 

Smith & Loveless 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Yeomans Brothers Co. 

Zimmer & Francescon 


of Buffalo- 


Div. of Pfaudler Per- 


Agitators 
Link-Belt Co. 


Air Cleaning Equipment 
Westinghouse Electric Corp 

(also see Blow- 
and Fans) 


Air Compressors 
ers, Compressors, 
Chicago Pump Co 
Fairbanks, Morse & Co 
Komline-Sanderson Engr 
Worthington Corp 
Yeomans Brothers Co. 


Corp 


Air) 


Asbestos Cement Pipe Products 
Filtration Equipment Corp 
Industrial Materials 
Johns-Manville Sales Corp 

Keasbey & Mattison Co. 


Ash Handling Equipment 
Link-Belt Co. 


Air Diffusers (see Diffusers, 


Bearings 
Link-Belt Co. 


Bins, 


Biologists (see Professional Services 
elsewhere in this issue) 


Storage (see Tanks) 


Blowers (also see Air Compressors, 
Compressors, and Fans) 

Chicago Pump Co 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc. 

Sutorbilt Corp 

Yeomans Brothers Co 

Zimmer & Francescon 

Boilers 

Combustion Engineering, In 

Building Maintenance 


ment and Supplies 
Homestead Valve Mfg. Co. 


Equip- 


Cast Iron Pipe Products 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 


Industrial Materials Co 

J. §. Pipe & Foundry Co 

R. D. Wood 

Cement (see Concrete) 

Centrifuging Equipment 

Bird Machine Co 
tit Co., Div. 


Webster Mig., Inc 


Chemical Feed Equipment 
Builders-Providence Div., B-I-F In- 
d tne 
mco Corp 
cher & Porter Co 
ver Water Conditioning Co 
Ir 
Mig. C 
line Sar 
Belt 


nega Div 


n Engr. Corp 


B-I-F Industries 
Div. of Pfaudler Per- 


neers Div., B-I-F Industries 
Tiernan Inc. 


Chemicals 

Dow Chemical C 

Fisher Scientific Co 

General Chemical Div., Allied Chem- 


iical Co. 


Chemists ( Professional Services, 


elsewhere in thi Issue) 


Chlorination Equipment 

Builders-Providence Div., B-I-F In- 

Everson Mfg. Corp 

Fischer & rter Co 

Graver Water Conditioning Co 

Wallace & Tiernan Inc 

Zimmer & France 


Equipment (also see 
Sedir tation Equipment) 
Alpha Ltd (Switzerland) 
Ameri \ Works 
B irter Co 
np Co. 


liver Inc 


Corp 
Water Conditioning Co. 


Komline-S on Engr 
Lakeside Engineering 
Link-Belt 
Permutit Co 
mutit Ce 


Corp. 
Corp 


Div. of Pfaudler Per- 
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of Pfaudler Per- | 


Walker Precess Equipment Inc. 
Yeomans Brothers Co 
Zimmer & Francescon 


Clay Pipe Products 

Industrial Materials Co 

National Clay Pipe Mfrs., Inc 
National Sewer Pipe Ltd. (Canada) 
Robinson Clay Product Ce 


Coatings and Linings (Pipe and 
Tank) 

Amercoat Co 

en triline Corp 
r ‘ontot Co., Inc. 


Koppers Co., In 
National Ww ater M: ain Cleaning Co 
Perry Mig. Ce 
n & Mfg. Co. 
Comminutors (also see 
and Grinders) 
(Switzerland) 
Well Works 
Pump Ce 
Dorr-Oliver Inc 
sruendier Crusher & Pulverizer Co. 


Shredders 


W. Pr Inc. 
Worthington Corp 


Compressors 
Chi ump C 
Morse & Co 
line-Sanderson Engr 
oots-Connersville Blower, 
Dresser Industries Inc 
Worthington Corp 
Yeomans Brothers Co. 


Corp 
Div. of 


Computers 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn 


Concrete Pipe Products 

American Concrete Pressure Pipe 
rican-Marietta Co 

xray Concrete Pipe Co., Inc 

Industrial Materials Co. 

Lock Joint Pipe Co 

National Sewer Pipe Ltd 

Portland Cement Assn 

Price Brothers Co 


(Canada) 


Construction Equipment 
Chain Belt Co 

Eimco Corp 

Worthington Corp 


4 
2 
i 
} 
| 
| 
Chains | 
Chain Belt Co. 
nk -Relt 
Per 4 
Wall 
Jef 
| 
Glenn Cheng 
‘ 
oa Ha h Co 
- Tennessee Cor 
| ; 
a 
= 
— 
Ein 
Graver 
Hard 
| 
: 


The 


turbo-compressors 


Turbo-Compressors 
Spencer 


sale of 
for sani- 
tary engineering applications is being 
handled exclusively by Walker Proc- 
Equipment Ine., Aurora, Ill. 
Bulletins and other technical literature 
are available for distribution. 


Ultrasonic Liquid-Level Controller 

The explosion-proof stainless steel 
probe of the Sonoswitch is actuated 
when a liquid touches it. The unit 
is reported to have a repeatability of 
several thousandths of an inch and is 
not affected by film or scale buildup— 
Powertron Ultrasonics 
Patterson Place, 
Garden City, N. Y. 


eSS 


Corporation, 


Field, 


Roosevelt 


Liquid-level controller 

Straightline Sludge Collectors— 
Complete engineering data on straight- 
line sludge collectors are given in an 


interesting 28-page bulletin replete 
with pictures and diagrams. Book 
2746 is available from your nearest 


Link-Belt office. 


Jet Cleaner—A 4-page bulletin de- 
scribes the installation and operating 
and maintenance procedures for a ven- 


turi-type injector assembly which eom- 
bines steam with water and detergent 
to form a powerful discharge stream. 

Bulletin 446, Sellers Injector Cor- 
poration, 1600 Hamilton St., Philadel- 
phia 30, Pa. 


EQUIPMENT AND SUPPLIES 
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Portable Ventilator—A new line of 
portable ventilators for exhausting 
fumes or circulating air where perma- 
nent installations are impractical has 
been introduced by the Propellair Di- 


vision, Robbins and Myers,  Ine., 
Springfield, Ohio. The units (see pie- 
ture) combine a portable fan with 


lengths of flexible duct, ideal for sup- 
plying emergency air to 
working in cramped spaces. 


personnel 


Zimmermann Process—(Operation of 
the Zimmermann Process, a method of 
burning sewage sludge in its aqueous 
state without flame, is described in a 
20-page publication. A flow chart, con- 
version chart, equipment and operating 
results, and design data are among the 


items included in the booklet.—Zim- 
mermann Process Division, Sterling 


Drug Co., Ine., 1450 Broadway, New 
York 18. 


High-Capacity Trickling Filter— 
Prefabricated filters of aluminum, 
based on the development work of Wil- 
liam T. Ingram, are being manufae- 


(Continued on page 330a) 
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Controls (also see Instruments, Re- 


cording and Control) 
Builders-Providence Div., 
dustries 
Burgess-Manning Co., 
ments Div. 
Chicago Pump Co. 
Fischer & Porter Co. 
Foxboro Co 
General Electric Co 
Homestead Valve & Meter C: 
Infilco Inc. 
Minneapolis-Honeywell Regulat 
Brown Instruments Div 
Ohmart Corp. 
Permutit Co., Div. 
mutit Co. Inc. 
Rockwell Mfg. Co. 
Wallace & Tiernan Inc 
Westinghouse Electric Corp 
Worthington Corp. 


Penn 


of Pfaudler 


Conveyors 
American Well Works 
Chain Belt Co. 
Chicago Pump Co. 
Jeffrey Mig. Co. 
Link-Belt Co. 

Stuart Corp 

Webster Mig., Inc. 


Corrosion Protection 
Amercoat Corp 

Chicago Pump Co 
Corrosion Control Co., Inc. 
Inertol Co., Inc 
Johns-Manville Sales Corp. 
Koppers Co., Inc. 
Perry-Austen Mfg. Co 

A. O. Smith Corp 
Stebbins Engr. & Mfg. Co. 
Wallace & Tiernan Inc 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 

Alpha Ltd. (Switzerland) 

American Well Works 

Carborundum Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc. 

Lakeside Corp 

Link-Belt Co. 

Pacific Flush Tank Co. 

Penberthy Mfg. Co., Div. 
Eclipse Corp 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Zimmer & Francescon 


Diffusers, Gas (also see Aerators) 
American Well Works 

Carborundum Co 

Chicago Pump Co. 

Eimco Corp. 

Infilco Inc. 

Walker Process Inc 
Yeomans Brothers C 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Chicago Pump Co. 
Dorr-Oliver Inc 
Eimco Corp 
Gorman-Rupp Co 
Hardinge Co., Inc. 
Infilco Inc. 
Jeffrey Mig. Co. 
Lakeside Engineering Corp 
Link- Belt Co 
Flush Tank Co 

; Smith Corp. 
Smith & Loveless 
Vapor Recovery Systems Co 
Walker Process Equipment Inc 
Yeomans Brothers C« 
Zimmer & Francescon 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 


B-I-F In- 


Instru- 


of Buffalo- 
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Ralph B. Carter Co. 
Dorr-Oliver Inc. 
Corp 


Corp. 
Tank Co. 


.oveless 
Equipment Inc. 
thers Co 
on 


(Switzerland) 
Engineering, Inc 


Inc 


son Engr. Corp. 


hols Engr. & Research Corp 
tuart Corp. 


jec 


E 
Kon 
Te 
Ye 


Engineers ( t ional Services, 
elsewhere in this issue) 


Engines (Sludge 
trole um Fuels) 
Fa Morse & Co 
Waukesha M tor Co 
Worthington Corp 


Gas and Pe- 


Fans (also see Air Compressors, 
s, and Compressors) 
Pur ih 


ineering Corp 
Electric Corp 
Filter Equipment, Trickling 
A (Switzerland) 
A Well Works 
Ralph B. cae Co 
Dorr Ol iver In 
Dow Cher 
Fin : 
I 
Ir 


quipment Corp. 
Materials Co 


Keasbey & M attison Co 

Ko line-Sanderson Engr 
esid ing Ce 

Nict & ‘Re h orp. 


I 
on th Loveless 
Tr ter Floor Inst 

ipment Inc 
Yeomar rot! Ce 
Zimmer & Francescon 


F ilter Materials 

} pment Corp 
Chemical Co. 
Water Conditi 
rial Materials 
M anville Sales Corp 


ning Cc 


Filters, Diatomaceous 
Graver Water Cx 
Yeomar Br 


Earth 
ynditioning Co 
thers Ce 


Filters, Vacuum (also see Vacuum 


ine Co 


neers Div., B-I-F Industries 
Flocculating Equipment 
Ipha Ltd. (Switzerland) 
Well Works 
B. Carter Co 

in Belt Ce 
Do wr-Oliver Inc 
Eimco Corp 
Graver Water Conditioning Co 
Hardinge Co., Inc. 


Infilco Inc 
Jeffrey Mig. Co 
Lakeside Engineering Corp 
Link-Belt Ce 
Div. of Pfaudler Per- 


r Process Equipment Inc 
pbster Mfg., Inc 
nmer & Francescon 


not ation Equipment 
n Be 


ter Conditioning Co 
mline Sander n Engr. Corp 
na hers C 


Flow Measurement 
Burgess-Manning Co., Penn Instru 
Corp 

1 Inc 


Gas Control Equipment 
Ltd. (Switzerland) 


ning Co Penn Instru- 


d Valve Mfg. Co. 
h Tank Co 


Systems Co 
Equipment Inc 


esc 


Gas Diffusers (see Diffusers, Gas) 
Gas Holders, 
purtenances 
rter Ce 

Co 


Boilers, and Ap- 


le Sales Corp 
Equipment Inc 


nville Sales rp 
Mattison Co 


nage & Metal Products, 


Generators 
F k Mc rse & Cx 
ic Ce 
ise Electric Corp. 
Corp 


Ele 


Grinders (also see 
der 
Ltd. (Switzerland) 
rks 


Well We 


Shredders and 


rusher & Pulverizer Co 
thers Co 


Grit Collection and Condition- 
ing Equipment 
Ltd. (Switzerland) 
1 Works 


I 

cess Equipment Inc, 
Webster Mfg., Inc 
Zimmer & Francescon 


Infi 
Lakeside 
Link-Belt 
| Pacific I St 
Zimmer & 
rCo., | Dryers 
Combustion 
Per- | Ein Corp Gr 
| Hardinge Co., K 
Komline-Sander Ye 
anderson Engr. Corp 
& Loveless 
ments Div 
2 Ch Pump 
Dorr-Oliver Inc 
Fir Corp 
Foxboro Cé 
Homeste 
Pacific I 
| | 
Ein Cory 
Johns-Manvil 
Walker Proce 
Gaskets 
Keasbey 
a Gates 
Armco Dri 
=a Filtration Equipment Corp. 
Industrial Materials Cx 
Snow Gates & Valves, Inc. 
Webster Mig., Inc 
Ct 
Gruendler 
i Filters) 
Bird Machi. 
Dorr-Oliver In¢ 4 
Ei 
. i Chicago Pump Co. 
| Dorr-Oliver Inc 
| Infileo In 
| Jeffrey Mfg. Co. 
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PROCEEDINGS OF MEMBER ASSOCIATIONS 


GEORGIA WATER AND 
SEWAGE ASSOCIATION 


The Georgia Water and Sewage As- 
sociation held its Annual Meeting in 
with the 29th Annual 
Water and Sewage School, 
Sept. 7-9, 1960. The meeting was held 
at the Georgia Institute of Technology, 
Atlanta. The total registration was 
more than 200, including the ladies. 


conjunction 


Georgia 


The Industrial Waste Forum was 
held on Sept. 8. 
Mark D. Hollis,s WPCE President, 


represented the Federation at the meet- 
ing, and spoke on ‘‘The Water and 
Sewage Works Man in America’s Fu- 
ture,’ at the Sept. 7 session. 

At the Annual Banquet, C. E. Drum- 
mond, Jr., of Wiedeman and Singleton, 


Economy 
DAVCO 


BELOW GROUND ~U: 
SELF-PRIMING 
PUMP STATION 


@ FLEXIBLE BULKHEAD 
SEALS 


@ TIME TESTED CON- 
TROLS SYSTEM 


@ POSITIVE HIGH LIFT 
SELF-PRIMING 
PUMPS 


@ LIFELONG EXTERIOR 
PROTECTION 


DEPENDABILITY 
AND 


CORPORATION 


P.O. BOX 270 TELEPHONE CA 6-6458 
THOMASVILLE, GEORGIA 


presented the Bedell Award for extra- 
ordinary service to the Association to 
Marion B. Nixon, Assistant Chief of 
Construction, Atlanta. The Hatfield 
Award for outstanding treatment plant 
operation and management went to 
Leonard E. Waller, Superintendent, 
South River Sewage Treatment Plant, 
Atlanta. 

Among the outstanding papers pre- 
sented were: 


‘“Challenges of Industrialization,’’ 
by Kenneth C. Wagner, Head, Indus- 
trial Development Branch, Georgia In- 
stitute of Technology, Atlanta. 

‘*Industrialization in Georgia,’’ by 
Walter T. Cates, Executive Vice-Presi- 


(Continued on page 323a) 


I~. 


$2la 
1 
| : | 


Grounds Maintenance 
ment and Supplies 
Homestead Valve Mfg. Co 


Equip- 


Heating Equipment 
ters and Buildings 

Alpha Ltd. (Switzerland) 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

General Electric Co. 

Infilco Inc. 

Link-Belt Co. 

Pacific Flush Tank Co. 

Walker Process Equipment Inc 


for 


Incinerators 

Combustion Engineering, Inc 

Nichols Engr. & Research Corp 

Walker Process Equipment Inc 

Zimmermann Process Div 
Drug Inc. 


Insect Control 
Glenn Chemical Co. 


Inspection, Sewers 
Centriline Corp. 
National Water Main Cleaning Co 


Instruments, 
Control (also 
Recorders ) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., 
ments Div 

Fischer & Porter Co. 

Fisher Scientific Co. 

Foxboro Co 

General Electric Co. 

Hach Co 

Infilco Inc. 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp. 

Rockwell Mig. Co. 

Wallace & Tiernan Inc 

Westinghouse Electric Corp 


Rec 
see Controls 


B-I-F In- 


Penn Instru- 


Ion-Exchange Equipment 

Permutit Co., Div. of Pfaudler Per- 
mutit Inc. 

A. O. Smith Corp. 


Jointing Materials 
American Concrete 
Assn. 

Gray Concrete Pipe Co., 
Keasbey & Mattison Co 
National Clay Pipe Mfrs., 
National Sewer Pipe Ltd. 
Perry-Austen Mfg. Co 
Robinson Clay Product Co. 
Stebbins Engr. & Mfg. Co. 


Joints, Mechanical 
American Cast Iron Pipe Co 
Johns-Manville Sales Corp 
National Sewer Pipe Ltd. 
Robinson Clay Product Co. 
Smith-Blair, Inc 

U. S. Pipe & Foundry Co. 


Pressure 
Inc 


Inc 
(Canada) 


(Canada) 


Laboratory 
Supplies 

Filtration Equipment Corp 

Fisher Scientific Co 

General Chemical Div., Allied Chem- 
ical Corp. 

Hach Co. 

Stuart Corp. 


Equipment and 


Lift Stations 
Davco Corp. 

Smith & Loveless 
Tex-Vit Mig. Co. 
Yeomans Brothers Co. 


Lighting Fixtures 
General Electric Co. 
Westinghouse Electric Corp. 


of Sterling | 


and | 
and | 


Pipe 
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Lubricants 
Homestead Valve Mfg. Co. 
Johns-Manville Sales Corp. 


Manhole and Inlet Castings 
American-Marietta Co 
Vapor Recovery Systems Co 


Masonry Building Materials 
American-Marietta Co 

Portland Cement Assn 

Price Brothers Co 


Meter Boxes 
Johns-Manville Sales Corp. 


Meters 
Air, 


(Sewage, 
and Gas) 
Providence 


Sludge, Water, 
Div., B-I-F In- 
1ustrie 
urgess-Manning Co., 
ments Div 
alph B. Carter Co 
iltrat Equipment Corp 
Foxbor 
Infil Inc 
Minneapolis 


Penn Instru- 


Honeywell Regulator Co., 
truments Div 
Mig Co 
nersville Blower, 
ndustries Inc 
I > and Meter Co. 
rthington Corp 


Div. of 


Mixing Devices 
Alpha Ltd 
merican Well Works 
Carter Co. 


Equipment Inc. 


) Div., Western Machinery Co. 


i 
= Electric Corp. 
Worthir n Corp 


Odor Control Materials 
Airkem, Inc 
Tennessee Corp 
Wallace & Tiernan Inc. 


Odor Counteractants 
Airkem Inc 


Package 
( cha ain t Co 
hicago P 
rr-Oliver Inc 
ni heal Service Co. 
nith & Loveless 
cer Process Equipment Inc 
Br thers Co 
Packing 
J Manville Sales Corp. 
bey & Mattison Co. 


Paints and Protective Coatings 
Amercoat Corp 

Inertol Co., Inc 

Koppers (¢ Inc. 

Perry-Austen Mfg. Co. 

Smith & Loveless 

Stebbins Engr. & Mfg. Co. 


Pipe, Asbestos Cement 
Industrial Materials Co. 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 
Pipe, Cast Iron 

American Cast Iron Pipe Co. 
Cast Iron Pipe Research Assn. 
Griffin Pipe Div., Griffin Wheel 
Industrial Materials Co. 

J. S. Pipe & Foundry Co. 

R. D. Wood Co 


Pipe, Clay 

Industrial Materials Co. 
National Clay Pipe Mfrs., 
National Sewer Pipe L td. 
Robinson Clay Product Co. 


Inc. 
(Canada) 


Pipe Cleaning 

Centriline Corp 

Flexible Inc 

Homestead Valve Mfg. Co 

National Water Main Cleaning Co. 
W. H. Stewart, Inc 


Pipe Coatings and Linings 
Amercoat Corp 
American Pipe & Construction Co 
er itril ine 
Kopper In 
National W: iter Main Cleaning Co 
Mig. Co 
& Mig. Co 


Pipe, Concrete 


American Concrete Pressure Pipe 
Assr 

Marietta Co 

Pipe & Construction Co. 


American 
American 


sewer 
ortland Cement 


thers Ce 


Pipe Ltd. (Canada) 


Assn 


Pipe, 
Sonoc 


Fiber 
» Products Co 
Pipe Fittings 
American Cast Iron Pipe Co 
Research Assn 
n Wheel Co 


Pipe 


"Pip Ltd (Canada) 


r 
duct Co 


Ir 
Foundry Co 
d Cx 


Pipe Jointing Materials 
Jointing Materials) 


(see 


Pipe, Plastic 
Amercoat Corp 
Evanite Plastic Co. 
Pipe, Repairs 
Centriline Corp. 
Smith-Blair, Inc. 


Pipe, Steel 
American Pipe & Construction Co. 
Armco Drainage & Metal Products, 


& + ittison Co 
orp 


Plastic Pipe Products 
oat Corp 
Plastic Co 
y & Mattison Co 


Publications 
Ar ity Magazine 
Record 
niversity Press (England) 
Magazine 
ngineering Magazine 
Water & Sewage Works 


Pump Controls 

Builders-Providence 
dustrie 

Burgess-Man ining Co., 
ments Div 

Chicago Pump Co 

Fischer Porter Co. 

Foxbor« ) 

Gener lectric Co 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div. 

Rockwell Mfg. Co 

Smith & Loveless 

Westinghouse Electric Corp. 

Worthington Corp 

Zimmer & Francescon 


Div., B-I-F In- 


Penn Instru- 


| 
~ 7 
4 | | 
| 
| 
| 
W | Pr 
Infil Ir 
Jeffrey Mfg. Co Nat 
Walker Process Price B 
4 Chicago Pump Co Wo 
oa: Fairbanks, Morse & Co. D : 
General Electric Co. 
Sag 
i 
| 
| I 
A. O 
a 
: 
| 
| 
Co. 


Georgia State 
Atlanta. 
‘Municipal Facilities for Industrial 

Development,”’ by W. H. Weir, Di- 

Water Quality Service, 

Department of Public Health, 
**Tmpact of 


dent, 
merece, 


Chamber of 


rector, Georgia 
Atlanta. 


Industrialization 


upon 
Municipal Finanecing,’’ by B. M. Hall, 
Engineer, Wiedeman and Singleton, 
Atlanta. 
‘*Waste Treatment Problems at the 
Atlanta Airport,’’ by Fred A. Eids- 
ness, Vice-President, Black and Asso- 


clates, Gainesville, Fla. 

‘““Waste Treatment Problems in 
Aluminum Fabrieation,’? by Donald 
Luebke, Assistant Works Manager, 
American Art Metals, Atlanta. 

Effect of Metal Processing Wastes 
upon Sewage Treatment,’’ by C. F. 
Griffin, Engineer, Lockheed Aireraft 
Marietta. 

Review of the 
Principles of the 
R. S 
ogy, Georgia 
Atlanta. 

**A Report of 
With the 


Corp., 
Fundamental 
Trickling Filter,’” by 
Professor, Applied Biol- 
Institute of 


Ingols, 


Technology, 


Pilot Plant Studies 
Filter,”’ by John 
Wiedeman, Engineer, Wiedeman and 
Singleton, Atlanta. 

“Design and Operating Criteria of 
Plastie Film Filters,”’ by HH. Moeller, 
Field Development Engineer, 
Chemical Co., Midland, Mich. 


‘Operating Experiences of 


Trickling 


Dow 


Plastic 


Filters the Rome Kraft Co.., 
Rome, Ga.,’” by V. A. Minch, Sanitary 
Engineer, a Corp., Chillicothe, 
Ohio, and MeDewain Sandlin, Chief 


Chemist, Rome Kraft Co., Rome. 


Officers elected for 1961 are: 


Chairman: Lewis Simonton, 


MeDewain 


Griffin. 

Vice-Chairman: Sandlin, 
Rome. 

Secretary-Treasurer: 
Atlanta. 


Robert S. Ingols, 
Rosert S. INGOus 
Secretary-Treasurer 


(Continued on page 326a) 
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ohmart 


NUCLEAR SLUDGE 
DENSITY CONTROL 
CUTS COSTS! 


@ Pump more solids—less liquid. 

@ Increase digester capacity and 
efficiency. 

@ Reduce heat and power costs. 

= Handle less supernatant. 


EXCLUSIVE OHMART ADVANTAGES: 


Ohmart gages have a precision and 
repeatability of + 2% of full scale 
range or better, with ranges as nar- 
row as 0-10% solids available. 
Ohmart systems operate with high 
signal-to-noise ratio; are unique in 
their stability and simplicity. Low- 
drift circuit requires only 5-minute 
semi-monthly standardization check. 
Rugged gage construction with- 
stands severe atmospheric and me- 
chanical conditions. There are more 
Ohmart Nuclear Gages in operation 
in the waste disposal field than all 
others combined. Look to Ohmart to 
yield high savings in your treatment 
plant. Performance to specification 
is guaranteed. Write for Bulletin 
SD-2 for full details. 


THE OHMART CORPORATION 


2244 Bogen Street e Cincinnati 22, Ohio 


ENGINEERING REPRESENTATIVES IN PRINCIPAL AREAS 
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Pumps, Airlift 

Davco Corp. 

Walker Process Equipment Inc. 

Pumps, Chemical Feed 

Proportioneers Div., B-I-F 

Pumps, Gas 

Roots-Connersville Blower, Div 
Dresser Industries Inc. 

Sutorbilt Corp. 


Pumps, Grit 
Nagle Pumps, Inc. 
Pumps, Sewage 
Alpha Ltd. (Switzerland) 
American Well Works 
Aurora Pump Div., 
Air Brake Co. 
Chicago Pump Co. 
Davco Corp. 
Eimco Corp. 
Fairbanks, Morse & Co 
Gorman-Rupp Co. 
Infilco Inc. 
Marlow Pumps, 
sett Co. 
Smith & Loveless 
Sutorbilt Corp. 
Wallace & Tiernan Inc 
femco Div., Western Machinery Co 
C. H. Wheeler Mfg. Co. 
Worthington Corp 
Yeomans Brothers Co 
Zimmer & Francescon 
Pumps, Sludge 
Alpha Ltd. (Switzerland) 
American Well Works 
Aurora Pump Div., 
Air Brake Co. 
Ralph B. Carter Co. 
Chicago Pump Co. 
Dorr-Oliver Inc. 
Eimco Corp. 
Fairbanks, Morse & Co 
Gorman-Rupp Co 
Hardinge Co., Inc. 
Infilco Inc 
Komline-Sanderson Engr. Corp 
Marlow Pumps, Div. of 
sett Co. 
Nagle Pumps, Inc. 
Sutorbilt Corp. 
Wallace & Tiernan Inc 
Wemco Div., Western Mac 
Worthington Corp 
Yeomans Brothers Co 
Zimmer & Francescon 


Industries 


The New York 


Div 


The New York 


hinery Co 


Pumps, Vacuum 
Roots-Connersville Blower 
Dresser Industries Inc 

Sutorbilt Corp. 
C. H. Wheeler Mfg. Co 
Pumps, Water 
American Well Works 
Aurora Pump Div., 
Air Brake Co. 
Ralph B. Carter Co. 
Chain Belt Co 
Chicago Pump Co. 
Eimco Corp 
Fairbanks, Morse & Co 
Gorman-Rupp Co 
Marlow Pumps, Div. of 
sett Co 
Wallace & Tiernan Inx 
C. H. Wheeler Mfg. Co 
Worthington Corp 
Yeomans Brothers Co 
Zimmer & Francescon 


The New 


Bell & Gos- 


Radiation 
ment 
Westinghouse Electric Corp. 

Radios, Mobile 
General Electric Co. 


Monitoring Equip- 


Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., 
dustries 

Burgess-Manning Co., Penn 
ments Div. 

Fischer & Porter Co. 


B-I-F In- 


Instru- 


of Bell & Gos- | 


Bell & Gos- 


Div. of | 


York | 
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Fisher Scientific Co 


ell Regulator Co., 
Div 


Refractory Building Materials 
( 
iles Corp 

y Product Co 
Engr. & Mig. Co 
Safety Equipment 
Vapor Recovery Systems Co 
Sampling Equipment 
Chicago Pump 

ngineering Corp 
Gravel, and Stone 
Water Conditioning Co 
Scree Equipment 
Al td. (Switzerland) 


Sand, 
Graver 


Inc 


Sedimentation 
see ( 


Equipment (also 
ent 


iriner 
td 


Inc 


Sewer Cleaning Equipment 
Flexible Inc 

Homestead Valve 
Nat il Wat 
W.H 


Sewer _Inspec tion (see 


Mfg. Ce 
er Main Cleaning Co 


stewart ne 


Inspection, 
Shredders (also see Comminutors 
and Grinders) 
Ipha Ltd. (Switzerland) 

( 


rusher & Pulverizer Co. 
( 
thers Co 


Siphons 

Ipha Ltd. (Switzerland) 
American Well W 

Iph B. Carter Co 


ludge Concentrators 
ir ( 


R 
In 
I 
I 
\ 
I 
N 


} 


& Research Corp 


Flotation Equipment (see 


Sludge 
Flotatior quipment) 


Sludge Hi indling and Control 
Ctr 


Link-Belt Co 


Nichols Engr 

Walker Proce 

Zimmermar 
Drug Ir 

Sludge Kemoval Equipment 

Jeffrey Mig. Co 

Li I 


& Research Cor; 
Equipment In 
Process Div. of Sterling 


Web ter Mfg., Inc 
Zimmermann Process Div. of Sterling 
Ir 


Dr 


Sludge Shredders 
ly (Switzer! and) 
ruendler isher & Pulverizer Co 
Jeffrey Mig 


Sproc ke ts 


Steel 

Armee 
Ir 

Strecturss Metal 

Alpha Ltd. (Switzerland) 


Pipe Products 


Drainage & Metal Products, 


Sw ite chgears 
Aly Lt (Switzerland) 
lectri 

Electric Corp 
n Corp 


Corp 
& Mig. Co 
Tools 
exible Ir 
Transformers 
Ltd. (Switzerland) 
tric Ce 
e Electric ( orp 
Trice Filter Equipment (see 
ter Equipment, Trickling) 
Trucks and Tractors 
Turbines 
Worthington rp 
Filters 


Vacuum (also 


Bir 
I 

Ei rp 

Kor mlir inderson Engr 
Proportioneers Div., B-I-F 


Valve Converters, Automatic 
C. H. Wheeler Mfg. Co 


Valves and Gates 
Armco Drainage & Metal 


rp 
Industrie 


Product 


Ir 
Builders-Providence Div., B-I-F In- 
Chapman Valve 

I q iipment Corp 

d Valve Mfg. Co 

1 Materials Co 
ve ( 


Mig. Co 


Blower, Div 
strie Inc 
ind Meter Cx 
Mig. Co 
& Valves, Inc 
ise Electric Corp 
Div. of ACF Industries, Inc 
d Ce 
nans Brothers Co 
Vessels (see Tanks) 
Weighing Devices 
Builders-Providence Div., 
dustrie 
Fairbank Morse & Cx 
Fisher Scientific Cc 
Wallace & Tiernan Inc 


B-I-F In- 


| 
| Gene ( 
Brown Instrument 
| Wallace & Tiernan 
of 
| 
q 
) 
Webster Mifg., Inc 
American Well Work | 
Chain Belt | 
dl Chicago Pump Co : 
me, Dorr-Oliver Inc 
Ei Corp | 
jefircy Miz. C | Tanks 
Link aie C | Chain Belt Co 
ink-I | Tink-Belt C 
Walker Process Equipment Mi. | k-I 1 
Zimmer & Francescon 2 
Ralph B. Carter C 
ee ‘ Chain Belt Co 
i Cory 
Graver Water Conditioning Co 
Hardinge Co., Inc 
Infi In 
Jeffrey Mfg. C : 
Komline-Sanderson Engr. Corp 
Walker Process I quipment Ml. 
Webster Mfg., Inc 
< 
= | 
| Jeffrey Mfg | 
| 
tkeside Engineering Corp 
fic Flush Tank Co. ; 
Brothers Co 
- 
1) | 
Ei Pp 
Mig (Cr 
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WPCE 


in Wastewater Works 


Contains 


information on hozards, acci 
atistics, rescue methods, safe prac 
56 poges. $0.75 
others. Order as 


equipment 


$1.50 to 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan 
tages and limitations of sludge as a soil 
fition 120 pages. $0.75 to mem 

t thers. Order as Item 


Air Diffusion in Sewage Works 


Histor 


y and mod 


rn practice in design, 
n, and maintenance of 
appurtenances. 75 
$1.25 to others 


fuser systems and 


ges 00 ¢ nembers 


Design 


and Construction 


of 


Sanitary and Storm Sewers 


Prepared jointly by the Federation and 


ASCE. Detailed presentation of the sub- 
ject. Issued early in 1960, this has been 
reprinted with extensive corrections to 
several pages. Those with the 1960 edi 
tion can obtain a complimentary reprint 
of the corrected pages. 283 pages. $3.50 
to members; $7.00 to others. Order as 


Item MOP-9.* 


Twenty-Year Index to Sewage 


Works Journal 


Covers Sewage 
1948. Author, subject, 
144 pages 


Works 


1928 
and gcographic 
Buckram bound, $3.00. Order 
as Item Dex-20 


Journal, 


Ten-Year Index to Sewage and 


Units of Expression for Wastes 
and Waste Treatment 


Lists mmended units for quantities 

tered in wastes and waste 

t 8 pages. $0.25 to members 
< Ord 


Item MOP-6.* 


as 


Sewer Maintenance 


A guide for maintaining a municipal or 
ndustrial drainage system in serviceable 
condit 64 pages. $1.00 to members; 


$1.5 


rs. Order as Item MOP-7.* 


Sewage Treatment Plant Design 


Prepared joint the Federation and 
ASCE. Detailed presentation of the sub 
; ect 75 pages. $3.50 to members; $7.00 
s item MOP 8 * 


y by 


Copies Cost Item 
MO} MOP-7 
MOP-2 MOP-8 
MOP-5 MOP-9 
MOP Bi 


Enclosed is remittance for $ 


ar e is necessary 


Print Name 


Address 


Member Association 
postage will be added. 


Covers 
1949-1958 
graphic 
poper, 


Sewage 
Author, 
168 pages 


$3.00. Order as 


Glossary—Water 


Industrial Wastes 
and Industrial 
subject, 
Buckram, $4.00; heavy 


Wastes, 


and geo 


Item Dex-10 


and Sewage 


Control Engineering 


Prepared jointly by the 
AWWA, and APHA 
taining to 


nomenclature 


Federation, ASCE, 
2,600 terms per 
274 pages 


$1.00. Order as Item Gl 


Binder 


Multiple wire, 2-in 
MOP’s listed except 
Order as Item Bi.* 


* Discount of 15°% 
more of any one manual 


Water Pollution Control Federation 
4435 Wisconsin Avenue, Washington 16, D. C. 


Copies | Cost Item 
Dex-20 | 
Dex-10 


Gl 


8 and 9 


Copies 


Checks may be made payable to WPCF 


for all 


$2.00 


capacity, 


on orders for 12 or 


Cost 


Safety 
tices, 
je to men 
tem MOP 
MOP-2 
po 
| 
| 
| | 
| | 
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3 | City Zone State | 
| | 
| 


326a 


MISSOURI WATER POLLUTION 
CONTROL ASSOCIATION 


The Annual Joint 
Missouri Water and 
ference, the Missouri Section of 
American Water Works Association, 
and the Missouri Sewage Indus- 
trial Wastes Association was held at the 
Hotel Governor, Jefferson City, Mo., 
Sept. 25-27, 1960. 

It was at the business meeting of the 
sewage division on Sept. 26 that the 
membership voted to change the name 
to the Missouri Water Pollution Con- 
trol Association. 

Ray E. Lawrence, Federation Vice- 
President, was a speaker at both the 
business meeting and the joint session. 


the 
( ‘on- 
the 


Meeting of 
Sewerage 


and 


Among the outstanding papers pre- 
sented were : 

**Stream Survey, Shoal and Turkey 
Creeks, Cedar Creek Mine Wastes,’’ by 
Joe Neel, USPHS, Kansas City, and 
Ed Lightfoot, Water Pollution Board, 


Fight 


HEART DISEASE 
#9 HEALTH ENEMY 


JOURNAL WPCF 


Jefferson City. 
‘**Fayette Lagoon,’’ by Joe Neel. 
‘*Water and Facilities and 

the Highway Program,’’ by Rex Whit- 

ton, Chief Engineer, State 

Highway Commission. 
‘Securing Surplus 


Sewage 
Missouri 


Property,” by 
Cecil Jenkins, Director, State 
Surplus Property. 

‘‘Industrial Waste Problems in 
Springfield,’’ by Allen Mayfield, Sani- 
tary Engineer, City of Springfield. 

**Maintenance and Operation of Sew- 
age Pumping Facilities,’ a panel dis- 
cussion by representatives of: Smith & 
Forslund Co., 
Kansas City, and Zimmer & Frances- 
con, Moline, Ill. 


**Sewer 


Agency 


Loveless, Lenexa, Kans., 


System Maintenanee,’’ by 
Porter Pryor, Sales Engineer, Delta 


Tool & Supply Co., Memphis, Tenn. 
Officers elected for 1960-61 are: 
Werner F. 


Chairman: Heidtke, St. 


Ann. 


Ag 
| 
ag 
“3 
Fe 
14 r 
“Pe 
We HEART FUND 
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Vice-Chairman: Allen D. Mayfield, erator, Fargo, for his outstanding 


Springfield. works operation ; and the Bedell Award 
Secretary-Treasurer: Jack K. Smith, to L. W. Veigel, Veigel and Bowlby 
Jefferson City. Consulting Engineers, Dickinson, for 
Director: William G. Riddle, Kansas his exceptional service to the North 

. City. Dakota Association. 


Among the papers of particular in- 
terest to those in the wastewater field 
were: 


NORTH DAKOTA WATER ‘*Taste and Odor Control,’’ by E. A. 
POLLUTION CONTROL Sigworth, Industrial and Chemieal 


Jack K. Smiru 
Secretary-Treasurer 


ASSOCIATION Sales Division, West Virginia Pulp and 
The newly-named North Dakota Wa- Paper 
ter Pollution Control Association held A discussion of Bismarck ’s Cit) 


its first Annual Meeting in conjunction lunicipal Facilities, with E. J. 


with the 32nd Annual Convention of i City Engineer, Bismarck, as 
the North Dakota Water and Sewage ‘ , 

Works Conference. This meeting was Recent Developments in Municipal 


held Oct. 5-7, 1960, at the Grand Pa- tae mas in South Dakota, by Charles 
J a ar St; S; arv 

cific Hotel, Bismarck, N. Dak. About irl, tate anitary Engineer, 
< : Pierre, S. Dak. 

147 registered R | 
At the annual banquet, Glen J. Hop- 

kins presented the Hatfield Award to S¥Ore, Tegional rogram 


Chester O. Sherva, Sewage Plant Op- 


I280) 


(Continued on page 


this 
NAGLE PUMP 
has plenty 
of Grit! 


It is one of several types of Nagle 
horizontal shaft and vertical shaft 
centrifugal pumps designed for serv- 
ice in water pollution control systems. 
These pumps are giving excellent 
service in many parts of the country. 


Conmt, inde ont foe Typical is this type “TR” Nagle horizontal shaft pump handling 
grit at the Brillion, Wis., Sewage Treatment Plant. Highly resistant 
to abrasion, this pump has the necessary “grit” for this job. While 
it requires far less maintenance than ordinary pumps, this Nagle 
is easy to take apart. Slippage seal adjustment and stuffing box 
adjustment are very simple. 


FOR ABUSIVE Nagle Pumps are designed exclusively for abusive service—applica- 

APPLICATIONS tions involving abrasion, corrosion, heat, heavily loaded liquids or 

EXCLUSIVELY a combination of these things. Send for Nagle Pump Selector. 
Nagle Pumps, Inc., 1210 Center Ave., Chicago Heights, Ill. 
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‘ 
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Director, Water Supply and Pollution man Hotel, Walla Walla, Oct. 20-22, 


Control Activities, Public Health Serv- 1960. Total registration was over 300 
ice, Region VII, Dallas, Tex. and was the largest meeting which the 
Municipal Sewage Systems and Association has ever had. About 250 


Treatment, with Oscar Bergman, Jr., attended the luncheon on the first dav 
Superintendent, Valley City Municipal {to hear Federation President Ray E. 
Utilities, Valley City, as chairman. Lawrence talk on the changing respon- 
sibilities of the Federation and the 
factors which led up to the develop- 
ment of the Policy Statement. 


At the business session the follow- 
ing officers were elected for 1960-61: 


President: Richard Fuller, Southwest At the well-attended banquet, Mr. 
Fargo. Lawrence presented the Bedell Award 
dy» . > . . . 
Viee-Preside nt: Glenn Berg, Minot. to R. Trumbull Smith. Division Man- 
Necretary-Treasurer: W. Van Heuve- ager, Wallace and Tiernan, Seattle, 
ba 
len, Bismarck. Wash., and the Hatfield Award to 
W. Van HEvvVELEN James R. Burns, Superintendent of 


Sewage Treatment, Hillsboro, Ore. 
Officers eleeted for 1960 61 are: 


Secretary-Treasurer 


PACIFIC NORTHWEST Pre side nt: Raymond >. Fish. Medford, 
POLLUTION CONTROL Ore. 
ASSOCIATION Vice-President: C. S. Zickefoose, Walla 


The 27th Annual Meeting of the Walla, Wash. 
Pacifie Northwest Pollution Control As Director: R. Trumbull Smith, Seattle, 
sociation was held at the Marcus Whit- Wash. 


HOW LONG? 


SINCE YOU MENTIONED A JOURNAL 
SUBSCRIPTION - MEMBERSHIP 
TO SOMEONE IN 


YOUR OFFICE 
YOUR ORGANIZATION 

YOUR COMMUNITY 

A NEIGHBORING COMMUNITY 


Your Member Association Secretary, listed on the third left-hand page of 
the JOURNAL, or the Federation office, will be glad to send an application 
form and supply any additional information. 


‘ 
} 
- ; 
tos 
iG 
i 
| 
~via 
: 
i 
; 
i 
3 
a 
tung 


Secretary-Treasurer: Gilbert H. Dun- 
stan, Pullman, Wash. 


H. Dunstan 
Secretary-Treasurer 


GILBERT 


ROCKY MOUNTAIN SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 24th Annual Meeting of the 
Rocky Mountain Sewage and Industrial 
Wastes Association, in conjunction 
with the Rocky Mountain Section of 
the AWWA, was held Oct. 24-26, 1960, 
at the Broadmoor Hotel, 
Springs, Colo. Approximately 
registered; of these 65 were members 
of In addition, 74 
ladies attended a program of their own, 
including a tour through the Air Force 
Academy and lunch at the Officers’ 
Club. 

Federation President Ray E. Lawr- 
ence, at the technical session on Mon- 
‘A Challenge to Our 
He also attended the busi- 
ness meeting which followed the lunch- 
eon, also on Monday. 


Colorado 
185 


our Association. 


day, spoke on, 
Industry.”’ 


Among the papers of particular in- 
terest to those in the wastewater field 


were: 


Ion Exchange in 
Radioactive Waste Treatment,’ by C. 
W. Christenson, U. 8S. Atomie Energy 
Commission, Los Alamos, N. Mex. 

** Metropolitan Treatment 
Planning in Denver Area,’’ by George 
Nez. 

‘*Sewage Pumps,’’ by John Bayless. 

‘Value of Plant Reeords,’’ by John 
W. Hernandez, N. Mex. Department of 
Public Health, Santa Fe, N. Mex. 
Cement Pipe,’’ by J. R. 


“Coagulation and 


Sewage 


** Asbestos 
Cran. 

**Recent Developments in Sludge De- 
watering by Vacuum Filtration,’’ by 
G. H. Teletzke, Director, Sanitary En- 
gineering Research, Eimeo 
tion, Palatine, II. 


Corpora- 


(Continued on page 331a) 
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WANT 
THE 
FACTS? 


Our new 4-page Market Facts 


will give you a comprehensive 
analysis of the wastewater 
market. It includes current 
activity, present and future 
needs, buying practices, com- 
plete list of products, total an- 


nual expenditures by products. 
JOURNAL WATER POLLUTION 


CONTROL FEDERATION 
4435 Wisconsin Ave., Washington 16, D. C. 


Personnel 
Service 


Classified ads will be accepted “Personnel Avail- 
able’ and “Personnel Wanted” only. Rates are $1.50 
per line, with minimum of $5.00. Deadline for ad copy: 
10th of the month preceding the issue desired. Send ad 
copy to Classified Advertising Dept., Water Pollution 
Control Federation, 4435 Wisconsin Ave., Washington 
16, D. C. Send replies to same address. 


jor 


Personnel Wanted 


Sewage plant superintendent—The Valley Com- 
munity Services District is receiving applications for the 
position of sewage plant superintendent for a 2.5 mgd 
activated sludge treatment plant now being constructed. 
Position requires a man of 5 yrs recent experience in 
laboratory control and operation of activated sludge 
treatment plant, 2 yrs of which must be in a super- 
visory capacity Those with a college degree in sani- 
tary engineering or chemistry will be given preference. 
Superintendent will be responsible for all phases of plant 
operation. Salary—-$8400 to $9600 depending on quali- 
fications. Location is in rapidly growing portion of San 
Francisco Bay area. Position to be filled prior to Aug. 
1, 1961. Send resumé to Valley Community Services 
District, Rt. 1, P. O. Box 556, Pleasanton, Calif., Att.: 
John H. Wright, General Manager 


Sanitary engineer with extensive experience in 
preliminary engineering and design of sanitary projects 
Submit complete resumé of education, experience, and 
qualifications, together with salary requirements. Stanley 
Engineering Co., Hershey Bldg., Muscatine, Iowa. 


| 
| 
} 
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tured in standard units ranging from 
2x 2 x 24 ft high to 10 x 10 x 24 ft 
high. The units and design data are 
discussed in a brochure of the Project 
Fabrication Corporation, 112-20 14th 
Ave., College Point 56, N. Y. 
Package Plant—Bio-Pac is the name 
given to the fully automatic, factory- 
assembled, two-stage bio-filtration 
treatment unit recently introduced by 
the Link-Belt Co. Folder No. 2971 


describing the unit is available at all 
district offices. 


Bio-Pac package plant 
Corrosion Resistant Pipe—A\ 


bro 
chure from the ‘‘Nickel-Over-Steel’’ 
Division of M. C. Sheldon & Co., Ine., 
350 Lexineton Ave., New York, N. Y.., 
NIPHOS 


bonded steel pipe and tubing are being 


deseribes how 
used to counter corrosion and iron con- 
tamination. 


Cast Couplings—Permanent 
couplings for long life pipelines is the 
subject of a 12-page brochure, which 
describes and illustrates cast iron and 
Write 
to Smith-Blair, Inec., 535 Railroad Ave., 
South San Francisco, Calif. 


cast 


asbestos-cement pipe couplings. 


EQUIPMENT AND SUPPLIES 


Protective Coatings—Cold applica- 
tions of bitumastic protective coatings 
are discussed in Bulletin T-97-61, avail- 
able from Koppers, Inc., Tar Products 
Division, Pittsburgh 19, Pa. 


Sludge Density Meter—Komline- 
Sanderson Engineering Corp., Pea- 
pack, N. J., is marketing a new sludge 
density meter called the Sludge Reader 
photograph The instrument 
uses a low energy source of radiation 


(see 


to determine changes in solids concen- 
tration. 


models of 


Two 
have 
Fisher Seientifie Co., 
Pittsburgh 19, Pa. 


Titrimeters 
titrimeters 


new 
been announced by 
717 Forbes Ave., 
One is manual and 
the automatic. The range of 
both models has been increased. 


other 


Pumps—Bulletin 553-2, ‘‘Motor- 
Driven Controlled Volume Pumps,’’ 
featuring a selection data guide, mate- 
rials selection charts, and ¢capacity- 
pressure selection tables is offered by 
Milton Roy Co., 1300 E. Mermaid Lane, 


Philadelphia 18, Pa. 


Chlorinator—A one-piece, compact, 
wall-mounted chlorinator is now avyail- 
able. Catalog Ref. No. 845.20-1, B-I-F 
Industries, 345 Harris Ave., 
denee, R. I. 


Provi- 


i 
4 
| 
¢ 
% 
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‘Pipe Corrosion and Its Control,’’ 
by Dana Kepner, Sales Engineer, Wa- 


ter Works, Sewerage and Power Equip- 


ment, Denver, Colo. 


“The Role of the Consulting Engi- 
neer in the Industrial Wastes Field,”’ 
by T. L. Moore, Gibbs and Hill, Ine., 
New York. 

‘Critical 
Ponds,’’ by 


Loading of Oxidation 
Ronald T. MeLaughlin, 
Division of Engineering, California In- 


stitute of Technology, Pasadena, Calif. 


Officers for 1960-61 are: 


President: Arthur B. 
bad, N. Mex. 

Vice-President: Verne E. Plath, Engle- 
wood, Colo. 


Chafetz, Carls- 


Director: Anthony Rossi, Denver, Colo. 
John W. Her- 
nandez, Santa Fe, N. Mex. 

Joun W. 


Necretary-Treasurer 


Secretary-Treasurer: 


HERNANDEZ 
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ALASKA WATER 
MANAGEMENT 
ASSOCIATION 


The newest member of the Federa- 
tion, the Alaska Water Management 
Association, held its first meeting Jan. 
14,1961. The 13 persons in attendance 
were very enthusiastic about the new 
organization and its affiliation with the 
Federation. 

The officers elected to serve for the 
year 1961 were: 


President: LaMar Hubbs, Anchorage. 

Vice-President (Northern Region): 
Harold Gillam, Fairbanks. 

Vice-President (South-Central Re- 
gion): Henry H. Staley, Anchorage. 

Vice-President (Southeastern Region): 
Alfred Baker, Ketchikan. 

Director: LaMar Hubbs. 

Secretary-Treasurer: Charles F. Walt- 
ers, Anchorage. 


CHARLES F. WALTERS 
Secretary-Treasurer 


Water Pollution Control Federation 
4435 Wisconsin Avenue, Washington 16, D. C. 


MOP BINDER 


The new binder for Federation 
Manuals of Practice may now be pur- 
chased from the Federation office at 
$2.00. The binder is of the multiple- 
wire type and has a capacity of two 
inches. The dark blue levant grain 
cover is handsomely impressed in gold- 
color with the Federation Seal on the 
front, and the title on the front and 
backbone of the binder. The binder 
will accommodate all manuals issued by 
the Federation and those planned for 
the future though the smaller page size 
of the joint manuals makes their inclu- 
sion inadvisable. These joint manuals 
will stand alone on a book shelf. 


When remittance accompanies orders, 
postage will be paid on these binders. 
For invoiced orders, postage will be 
added to the invoice. Send your order 
and remittance today to: 
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M.O.P. 7—-SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 


64 pages 


68 references 
$1.00 to members; $1.50 to others 


see coupon on WPCF Publications 
page in back of JOURNAL 


WATER POLLUTION CONTROL FEDERATION 


4435 Wisconsin Avenue 


Washington 16, D.C. 
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PROFESSIONAL SERVICES 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Alrports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 
Sewerage, Sewage 
Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


AN DE 


Ylompany 
Consulting Engineers 
ribution and Treatment, In- 
ent, Sewage Collection and 
isposal, Refuse Collection and Disposal, Drain- 
e, Highways and Bridges 


Hartford, Conn. Boston 14 


RS@N-NICHOLS 


JOHN J. BAFFA 
Consulting Engineer 
Sewerage & Sewage Treatment 
Industrial Wastes Treatinent 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., INC. 


Consulting Engineers, Planners & Surveyors 
Atrport, Highway & Bri r & Sewerage 

Vunicipal r ing 

ng, Re slopment 
ils Lab mmplele Survey Seretee 
Home Office: Rochester, Pa. Baker Bidg., P.O. Box 111 
Jackson, Miss. Charleston,W.Va. Harrisburg, Pa. 
Northview Dr. 19 Dunbar Street 2799 N. Fourth St. 
P.O. Box 9997 P.O. Box 2148 P.O. Box 790 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 166 Crystal Lake, Ilinots 


THOMAS W. BEAK 
Industrial Water Pollution Specialist 


Pollution Studies 

Stream and Lake Surveys 

Toxicity Tests 

Biological and Chemica! Analyses 


P.O. Box 220, Collins Bay, Kingston, 
Ontario, Canada 


BENJAMIN E. BEAVIN COMPANY 
CONSULTING ENGINEERS - SURVEYORS 


Water Supply, Sewerage, Drainage 
Soils and Geologic Engineering 
Ports, Airtields, Highways, Structures 
BElmont 5-4570 104 E. 25th St. 
Baltimore 18, Maryland 


HOWARD K. BELL 


Consulting Engineers, Inc. 


WATER WORKS SWIMMING POOLS 
INDUSTRIAL WASTES DRAINAGE 
SEWERAGI GARBAGE DISPOSAL 
VALUATIONS RATES REPORTS 

OPERATION SUPERVISION 


553 S. LIMESTONE ST., LEXINGTON, KY. 


BENHAM 
ENGINEERING COMPANY 


Consulting Engineers 


215 N.E. 23rd Oklahoma City 
Established 1909 


Need professional help? Check these pages for the firms in your area. 


: 
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PROFESSIONAL 


SERVICES 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 

Industrial Water 

Design 
Operation 


Philadelphia 24, Pa. 


Analysis 
Investigations 


Gillingham & Worth Sts. 


BLACK, CROW AND EIDSNESS 


tNCORPORATED 


ENGINEERS 


Water, sewerage, power, hydrology, recalcination, 
waste treatment, valuation, special investigations 
and reports, laboratory services 


700 S.E. Third Street 


Gainesville, Florida 


BLACK & VEATCH 


Consulting Engineers 
Sewage — Gas = Water = Electricity - Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 
Consultants 
CLINTON L, BoGERT Ivan L. BoGEerT 


DoNALD M. DITMaARS RoBerRT A. LINCOLN 
CHARLES A. MANGANARO WILLIAM MARTIN 


Water & Sewage Works 
Drainage 
Highways and Bridges 


145 East 


Incinerators 
Flood Control 
Airfields 


32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St. 
New York 6, N.Y. 


1000 Farmington Ave. 
West Hartford 7, Conn. 


BOYLE ENGINEERING 
Consulting Engineers 
Water Sewers 


Structures 
Reports 


331 Spurgeon Bidg. 
Santa Ana, Calif. 


Streets 
Surveys 
Special Districts 


4525 Mission Gorge Pi. 
San Diego 20, Calif. 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


CHECK HERE 
Whenever You Need 


Professional Advice 


FLOYD G. BROWNE 


CONSULTING ENGINEERS 


Water Supply — Purification — Sewerage — Sewage Treatment — Power and Industrial 
Plants — Industrial Waste Treatment and Disposal 
Reports — Designs — Supervision — Operation 


125 West Church Street 


AND ASSOCIATES 


Marion, Ohio 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


ONLY $75 


for 12 ads, plus complimentary 
JOURNALS during your series. A 
card presents your services to the 
largest group of prospective clients 
in the wastewater field. 


Take advantage of the services 


of these outstanding firms! 
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>. 
Burcess & NIpLe 
Consulting Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


PROFESSIONAL 
SERVICES 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


P.O. Box 173 
Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consalting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


18 Tremont Street 


Boston 8, Mass. 


Capitol Engineering 
Corporation 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


JOHN A. CAROLLO 
Consulting Engineers 
Water Supply and Purification, Sewerage, 
Sewage Treatment, Industrial Wastes, 
Power Generation, Streets. 


3308 N. Third St. 2168 Shattuck Ave. 
Phoenix, Arizona Berkeley 4, Calif. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
Power Plants—Incineration-Gas Systems 
Valuations— Rates—-Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSOER, TOWNSEND & ASSOCIATES 


Consulting Engineers 


Sewage treatment, sewers, storm drainage, flood 
control—Water supply and treatment Highway 
and bridges— - Airports Urban renewal—Electric 
and gas transmission lines—Rate studies, surveys 
and valuations—Industrial and _ institutional 
buildings. 


360 East Grand Ave. Chicago 11, Ill. 


CRAWFORD, MURPHY & TILLY 


Consulting Engineers 


TRAFFIC PROBLEMS—SWIMMING POOLS—SEWERS 
SEWAGE TREATMENT—WASTES TREATMENT 
WATER WORKS—RESERVOIRS—DRAINAGE 
FLOOD CONTROL—AIRPORTS-—STREETS 
HIGHWAYS—EXPRESSWAYS—SURVEYS & REPORTS 


Springfield, Ilinois 


755 South Grand West 


Damon & Foster 
Consulting Ciwil Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


DOW INDUSTRIAL SERVICE 
Division of The Dow Chemical Company 
Consulting Laboratories 


Pollutional Characteristics Waste Evaluations 
Treatment Process Development 
Chemical Cleaning 


20575 Center Ridge Road 
Cleveland 16, Ohio 


JOURNAL 
Advertising Pages 


These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 


also assist the readers. 


Consult these specialists for professional assistance! 
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PROFESSIONAL SERVICES 


ONLY $75 PER YEAR 


PROFESSIONAL is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 


SERVICES 
sewage and industrial wastes field and 


will afford maximum prestige! 


FAY, SPOFFORD & THORNDIKE, INC.) | FINKBEINER, PETTIS & STROUT 


ENGINEERS CONSULTING ENGINEERS 


Sewage Treatment—Sewerage and Drainage Systems 
Water Supply and Distribution—Incinerators Water Supply, Water Treatment, 
Airports—Bridges—Express Highways—Port and 
Terminal Works—Industria! Buildings 

Boston 8, Massachusetts 2130 Madison Avenue 


Sewerage, Sewage Treatment, 
Industrial Waste Treatment 


11 Beacon Street Toledo 2, Ohio 


FROMHERZ ENGINEERS A PROFESSIONAL CARD 


Structural - Civil - Municipal 
presents your services to over 10,000 


Four Generations Since 1867 
pai a ac ssue 

Structures; reat ers 1 ie of 

Jor RNAL. This 1S where potential 


the 


Water Supply; Sewerage ; 
Drainage; Foundations 
Industrial Waste Disposal clients seek professional assistance 
Investigations; Reports; Plans and 
Specifications ; Supervision THIS SINGLE CARD COSTS 
ONLY $75 FOR 12 ISSUES 


816 Howard Avenue New Orleans 12, La. 


GANNETT FLEMING CorRDDRY AND CARPENTER, INC. 
Engineers 
Dams, Water Works, Highways, Bridges & Airports, 


Sewage, Industrial Wastes & Garbage Disposal 
Traffic & Parking—Appraisals, Investigations & Reports. 


HARRISBURG, PENNSYLVANIA 
Branch Oftices 


Philadelphia, Pa. Daytona Beach, Fla. 


Pittsburgh, Pa. 


GIBBS & HILL, INC. GILBERT ASSOCIATES, INC. 
Electric Power and Transmission Chemical Laboratory Service 
Transportation and Communication Investigations and Reports 
P.O. Box 1498 


PENNSYLVANIA STATION 
NEW YORK 1, NEW YORK New York READING, PA. Washington 


HOWARD R. GREEN CO. 


GREELEY & HANSEN 
Engineers Established 1913 
Water Supply, Water Purification C. D. MuLutnex >. R. HotcuKiss 
Flood Control, Drainage, Refuse Disposal J. A, Sampson A. MILLER 
G. ¢ AHRENS GRIFFITH 
Sewerage, Sewage Treatment Water, Sewerage & Industrial Wastes 
Public Works & Industrial Projects 


14 son Boulevard, Chicago 4, Iilinois Green Engineering Building Cedar Rapids, lowa 


Take advantage of the services of these outstanding firms! 
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Charles W. Greengard 
Associates 
Consulting Engineers 


Sewage Treatment 


Water Supply, Industrial Waste Treat- 
ment, Roads, Subdivisions, Investigations, 
Reports, Designs and Supervision 


Deertield, 


Sewerage, Drainage, 


Illinois 


PROFESSIONAL 
SERVICES 


L. B. GRIFFITH 


CONSULTING ENGINEER 


Research, Reports and Designs on Sew- 


age and Industrial Waste Treatment 


450 West Broad St. 


Falls Church, Va. 


1009 Baltimore Ave. 


HASKINS, SHARP & ORDELHEIDE 
CONSULTING ENGINEERS 


Water—Sewage & Industrial Wastes— Hydraulics 
Reports, Design, Supervision of Construction 


Appraisals, Valuations, Rate Studies 


Kansas City 5, Mo. 


\. A. Burger 
J. W. Avery 
E. S. Ordway 


Frank ( I 


Consulting Engineers 


WATER, SEWERAGE 


WASTES, VALUATIO 


Leader Bldg. 
Cleveland 14, Ohio 


HAVENS AND 


EMERSON 
4. M. Mock 
F. S. Palocsay 
G. H. Abplanalp Ricuarp Hazen 


es, Consultant 


GARBAGE, INDUSTRIAL 
LABORATORIES 

Woolworth Bldg. 

New York 7, N. ¥. 


360 Lexington Ave., 


HAZEN AND SAWYER 
ENGINEERS 


Acrrep W. Sawyer 


H. E. Hupson, Jn. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


New York 17, N. Y. 


ANGUS D. HENDERSON 


Consulting Engineers 


Ancus D. Henpenson 


Water Supply and Sanitation 


330 Winthrop St., Westbury, New York 
355 Knollwood Ave., Douglaston, L. 1., New York 


Tuomas J. Casry 


Treatment, Reports, 


HENNINGSON, DURHAM 
& RICHARDSON 


ing Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
lood Control, Appraisals, 
Jrainage, Industrial Works 


Omaha « Colorado Springs « Phoenix « Dallas 


E. E. 


Airports, Sewerage 


Sewage Treatment, Industrial Waste Treatment, 
ply & Treatment, Paving, Structures, 
try Engineering Services 


1221 Locust Street 


HORNER & SHIFRIN 


Consulting Engineers 


& 


V. C. Liscuer 


Drainage, Hydrology, 


St. Louis 3, Mo. 


George E. Hubbell Albert Roth 
Theodore G. Biehl George 8S. Roth James W. Hubbell 


Homer W. Clark 


HUBBELL, ROTH G CLARK, Inc. 
Consulting Engineers 


Sewage and Industrial Waste Treatment 


Sewerage and Drainage Systems 


954 N. Hunter Blvd. 


Birmingham, Michigan 


GRIT AND HEAVY SLUDGE REMOVAL 


CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON -RUMSEY COoO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL 


SERVICES 


PROFESSIONAL 
SERVICES 


WILLIAM 


T. INGRAM 


Consulting Engineer 
Sanitary and Public Health Engineering 


Design 
-Refuse 


Planning 
Sewage 


Water 
Wastes 


Research 
-Industrial 


Air Pollution Control—Industrial Health 


ort 
East Coast 
20 Point Crescent 
Whitestone 57, N.Y. 


ices: 

West Coast 
90 Panoramic Way 
Walnut Creek, Calif. 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 


Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


Water Supp! 
Municipal 
trol & 


Sewerage 
Highways 
2300 Dixie 
FE 
Warren Office 
24187 Ryan Rd. 
Warren, Mich. 
SLocum 7-1167 


JOHNSON & ANDERSON, INC. 


Consulting Engineers 


Hwy., 


y & Distribution— Bridges 

Engineering—Flood Con- 

Drainage 

Pontiac, 

2-0181 
Flint Office 

60141 Metropolitan Bldg. 
Flint, Mich. 
CEdar 9-4102 


Mich. 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. 


Toledo 6, Ohio 


KENNEDY 
COMPLETE ENGI 
Investigations, 


ENGINEERS 
NEERING SERVICE 
Reports, Design 


Supervision of Construction and Operation 


Sewerage, Sewa 


ge Treatment and 


Industrial Waste Disposal 


Chemical and Bic 
604 MISSION ST., 
Los Angeles Salt 


logical Laboratory 
SAN FRANCISCO 5 
Lake City Tacoma 


KIRKHAM, MICHAEL & ASSOCIATES 
ENGINEERS - ARCHITECTS 


Investigations 


tion, Rates 


Complete Municipal & Industrial Services 
Reports, Design, Supervision of Constru 
WATER—SEWAGE & WASTES 
STREETS — AIRPORTS — BRIDGES & STRUCTURES 
Omaha, Neb. 508 South 19th St. 
Rapid City, S. D. 519 Kansas City St. 
Fargo, N. D. 802 Sixth Avenue North 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, 


1312 Park Bldg. 


City Planning. 


Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 


Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 


Sanitary Engineering Co., Inc. 


Consultin 


g Engineers 


Water, Sewage, Drainage, and Industrial Wastes 


Reports, 


Designs, 


>upervision 


Of Construction and Operation 


Chemical & Biological Laboratory 


1100 South Broad St. 


Trenton, N. J. 


LOCKWOOD, KESSLER & BARTLETT, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes, Incinerators, 
Water Pollution Studies, Municipal Engineering, 
Aerial Mapping, Highways, and Bridges 


Syosset, New York - San Juan, Puerto Rico 
Bogota, Colombia 


ONLY $75 


for 12 ads, p 


lus complimentary 


JOURNALS during your series. A 


card 
largest group of 


in the wastewater 


presents your 


services to the 
prospective clients 
field. 


Consult these specialists for professional assistance! 
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Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


Rochester 4, N. Y. 


10 Gibbs Street 


CHARLES A. MAGUIRE & ASSOCIATES 
Engineers 
Sewage Collection and Disposal 
Water Supply and Distribution 


Drainage, Refuse and Pipelines 


14 Court Square Boston 8, Mass. 
1100 Turks Head Building Providence 3, R.1. 


CHAS. T. MAIN, INC. 


Consulting Engineers Since 1893 


STUDIES « DESIGNS « CONSTRUCTION MANAGEMENT 


REPORTS VALUATIONS 


Water Supply and Treatment ¢ Sewerage 
Sewage Disposal « Industrial Waste Treatment 


BOSTON, MASSACHUSETTS * CHARLOTTE, N. CAROLINA 


GEORGE B. MEBUS, Inc. 


Consulting Engineers 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & Eppy 
ENGINEERS 


Soils, Foundations, Waterworks, Sewage 

Works, Drainage, Irrigation, Flood Con- 

trol, Refuse, Industrial Wastes, Airports, 

Highways, Military Projects, Industrial 
and Commercial Facilities. 


Statler Building, Boston 16, Massachusetts 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 


535 B. Walnut St. Pasadena, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 
400 East Genesee St. 


Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structural ~— Power — Transportation 
165 Broadway New York 6, N.Y. 


PIATT & DAVIS 

AND ASSOCIATES 
P. D. DAVIS W. M. PIATT, Ill 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 


Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 
Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 


Malcolm Pirnie 


Water Supply - Water Treatment 
Sewage and Waste Treatment 
Drainage - Rates - Refuse Disposal 


25 West 43rd Street 
New York 36, N.Y. 


3013 Heratic Street 
Tampa 9, Florida 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


It pays to secure competent and experienced professional advice! 
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PROFESSIONAL SERVICES 


RADER AND ASSOCIATES 
Engineers and Architects 
Water Works, Sewers, Refuse Disposal 
and Other Public Works Engineering 
Reports, Investigations, Consultations, 
Plans, Specifications and Supervision of 
Construction Work 
The First National Bank Building, 
Miami 32, Florida 


REAVES & GREGORY 
Consulting Engineers 


Paut C. Reaves 
D. Grecory 


3332 West Seventh Fort Worth 7, Texas 


REYNOLDS, SMITH AND HILLS 


ENGINEERING DIVISION 


Planning + Reports 
& 
Design + Supervision 


BOX 4817 +: JACKSONVILLE 1, FLORIDA 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 
Municipal and Industrial Water Pr 
Sewage Treatment Plant Supervision 
Industrial Waste Trea nt 
Laboratories for Chemical and Bacteriological 
Analyses 
369 E. 149th St. New York 55, N.Y. 
MOtt Haven 5-2424 


rification, 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants 
Refuse Disposal, Airports 
2747 Zuni Street Denver 11, Colorado 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., 
St. Louls 2, Mo. 


Municipal Airport 
Daytona Beach, Fla, 


TRUMAN SCHLUP 
CONSULTING ENGINEER 


Highways, Structures, Water, 


Reports, Design 


Sewerage 


Investigations Supervision of Construction 


1401 Fairfax Traflicway Kansas City, Kans. 


SERVIS, VAN DOREN & HAZARD 
Engineers-Architects 
Investigations - Design - Supervision of 

Construction - Appraisals 
Water - Sewage - Streets - Expressways 
Bridges - Foundations - Airports - Fle 
Drainage - Aerial Surveys -Site Plan 
Subdivisions -Industrial Facilities 
Mechanical 
2910 Topeka Blvd. 


Highways 


Topeka, Kansas 


J. E. SIRRINE COMPANY 


Fnyineers 

‘Since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, C 
I nd Treatment 
1 Industrial Waste Tre 


ynsultations 


atment 
n Surveys 


land Bacteriological Analyses 


SMITH and GILLESPIE 


Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


John R. Snell 


Inc. IVanhoe 4-9493 


Water Purificat ® Water pply @ Sewerage Systems ® 
Treatment ® Refuse Collection ® Composting © Incin 
® Urban Planning ® Industrial Waste ® Bridges and 
Streets ® Soils and Foundat ® Research and Development 


221 N. Cedar ® Lansing, Mich. ® 


ewapge 


eration 


It pays to secure competent and 


experienced professional advice! 
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STANLEY 


ENGINEERING COMPANY 


Consulting Engineers 


Hershey Building 
Muscatine, lowa 


208 S. LaSalle Street 
Chicago 4, IMlinois 


Hanna Building 


Cleveland 15, Oh 


PROFESSIONAL 
SERVICES 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Se 


Bridges— Highway 


Studie 


245 N. High St. 


werage—Waste Disposal 


Industrial Buildings 


irveys— Reports 


Columbus 15, Ohio 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 


lel. JEfferson 3-3991 


Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 


Supervision of Construction and Operation 


WALLACE 


& HOLLAND 


Consulting Engineers 


Civil Sanitary 


401 N. Federal 


Structural 


Mason City, lowa 


J. STEPHEN WATKINS 


J. S. WATKINS G. R. WatTKIns 


CONSULTING ENGINEERS 
Municipal and Industrial Enginee 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 


Investigations 


446 East High Street 


and Rate Structures 


Branch Office 


4726 Preston Highway Louisville, Kentucky 


ring, Water 


Lexington, Kentucky 


LEONARD 


WEGMAN CO. 


Consulting Engineers 


Water, Sewerage 


and Drainage Works 


Incinerators 
Sanitary, Industrial Wastes Treatment, Recovery 
Erosion, Flood and Waterfront Works 


Reports Design 


235 East 45th St. 


Supervision 


New York 17, N. ¥. 


ROY F. WESTON, 


Engineers— Biologists—C 


INC. 


Industrial Wastes 


Stream Pollution—Air Pollution 


ater—Sewage 


Surveys—Research— Development— Process 
Engineering — Plans and Specifi 
Operation Supervision — Analyses — Evalua- 


Newtown Square 


tions and Reports 


Pennsylvania 


cations — 


WESTON & SAMPSON 


Consulting Engineers 


Water Supply 


Corrosi 


>ewerage, Sew 


Supervisi 


Water Purification 
n Control 


age and Industrial 


‘ollution Studies 


yn, Valuation 


Laboratory 
14 Beacon Street 


Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 


Investigations, 


Reports, Designs, 
Valuations 


Supervision, 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 


Mechanical 


Electrical 


Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 


ENGINEERS & ARCHITECTS 
Investigations — Planning — Design 
Water, Sewerage, Streets, Highways, Bridges, 
Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial Installations 
Chemical Testing Lab — Aerial 
Electronic Computer Services, Reproductions 


631 East Crawford 
2930 Geo. Washington Ave., Wichita, Kansas 


Mapping 


Salina, Kansas 


Consult these specialists for professional assistance! 
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& Richard- 


Engineering Co., 


Metcalf & Eddy 

Montgomery James M 
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O'Brien & Gere 

Parsons, Brinckerhoff, Quade & 
Dougles 

Piatt & Davis 

Pirnie, Malcolm 

Purcell, Lee 7 

Rader and Associates 

Reaves & Gregory 

Reynolds, Smith and Hills 

Riddick, Thomas M., & Associates 

Ripple and Howe, Inc 

Robert and Company 

Russell and Axon 

Schlup, Truman 

Servis, Van Doren & Hazard 

Sirrine, J Co 

Smith and Gillespie 

Snell, John R., Engineers, Inc 

Stanley Engineering Co 

Stilson, Alden E., & Associates 

Tighe & Bond 

Wallace & Holland 

Watkins, J. Stephen 

Wegman, Leonard S., Co 

Weston, Roy F., Inc 

Weston & Sampson 

Whitman & Howard 

Whitman, Requardt & Associates 

Wilson & Company 


and Associates 
Engineers 


Associates 
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JOURNAL WPCF 


STANDARD METHODS 
11th Epition 


NEW TITLE 


JOINTLY PRODUCED 


DETAILED COVERAGE 


NEW COVERAGE 


ORDER NOW 


USE THIS COUPON 


> 


Standard Methods for the Examination of 
Water and Wastewater. 


American Public Health Association (Pub- 
lisher), American Water Works Association, 
and Water Pollution Control Federation. 


Laboratory manual and reference of more 
than 600 pages covering simple and detailed 
methods for physical, chemical, bacteriologi- 
cal, and biological analyses of water and 
wastewater. 


More than 100 pages added; new sections on 
radiology, bio-assays for toxicity of industrial 
wastes, and iron and sulfur bacteria. 


Special price of $8 to members of any of the 
three sponsoring organizations if prepaid; 
without remittance, $10. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue, Washington 16, D. C. 


Publication: STANDARD METHODS FOR THE 
EXAMINATION OF WATER AND 
WASTEWATER, lith Edition. 


Enclosed is remittance for $ 


Federation Member Association 


If an invoice is necessary, postage will be added. 
Checks may be made payable to WPCF. 
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SEWAGE TREATMENT e 


JOURNAL WPCF 


ASLIFTER 


DIRECTUBE HEATX 
— for economical sludge heating 


GAS LOCKING CHAMBER 
— for safe, easy inspection 


GAS-LIFT PRINCIPLE 
— for powerful over-all stirring 


All Gaslifter equipped digesters have the 
common advantage of better, uniform di- 
gestion. Contents are liquefied, completely 
circulated and diffused —even dense 
sludges, surface grease and scum. Bottom 
shoals eliminated. The eductor tube, gas- 
lift principle creates a powerful over-all 
roll within the digester which sweeps all 
areas resulting in complete homogenizing 


Positive, powerful roll allows for economical 
intermittent operation since steady state ho- 
mogenization takes place within 15 minutes 


Rapid gasification is induced while volatile 
acids remain low 


Incoming green sludge is readily admixed so 
as to accelerate its digestion permitting maxi- 
mum loading. Methane yield is increased and 
good supernatent obtained 


Built-in gas locking chamber permits safe 
withdrawal of the gas diffuser from within the 
lift tube without digester shut-down or danger 


The DIRECTUBE HEATX - GASLIFTER assembly 
combines economical, positive temperature con- 
trol and efficient digester operation. DIRECTUBE 
HEATX is shop fabricated as an integral part of 


DIGESTER 
CIRCULATOR-MIXER 


the GASLIFTER and requires only hot water re 
circulation lines from a Walker Sewage Gas 
Boiler. Optimum temperature requirements are 
easily maintained. Available with manual or 
automatic controls 


Write for bulletins 24-S-82 and 25-S-91 


Top Left — LAS CRUCES, NM 8000 gpm GAS- 
LIFTER in 50° dia. digester with fixed cover 
R. A. Smith, Supt. Gordon Herkenhoff & Assoc 
Albuquerque, Cons. Engrs 


Top right SACRAMENTO COUNTY, CALIF 
San. Dist 3) GASLIFTER in 70° dia. digester 
with fixed concrete cover. Mr. Norman Farnum 
Supt. Dewante & Stowell Cons 
Engrs 


Sacramento 


WALKER PROCESS EQUIPMENT INC. 


a leader in equipment for 
WATER 
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INDUSTRIAL WASTE 


TREATMENT 
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Kenilworth, N.J 
Hartford, Conn 
New Haven, Conn 


Buffalo, N. Y 
Rochester, N 


Edgewater, Fla. 


Miami, Fla 


W. Paim Beach, Fla 


OVER 50 YEARS 
EXPERIENCE 


LOCK JOINT 
RUBBER and CONCRETE JOINT 


RUBBER 


REINFORCEMENT 


THICKNESS 


LONGITUDINAL 


NOMINAL PIPE 
REINFORCEMENT 


DIAMETER 


SEWER AND CULVERT PIPE PLANTS 


Beloit, Wis Denver, Colo 

Chicago, Ill Cheyenne, Wyo 

Rock Island, Il. Casper, Wyo 

Valley Park, Mo Tucumcari, N. Mex 
& N. Kansas City, Kans Hato Rey, Puerto Rico 

Tulsa, Okla Carolina, Puerto Rico 

Oklahoma City, Okla Ponce, Puerta Rico 

Wichita, Kans Caracas, Venezuela 
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Delivery of Roller Suspension Sewer Pipe 1960. 


A pioneer in the concrete pipe industry, Lock Joint Pipe 
Company has devoted over half a century to the 
development of concrete pipe in this country and to the 
evaluation and application of outstanding manufac- 
turing techniques from abroad. 


Lock Joint Roller Suspension Sewer and Culvert Pipe 
points up the value of such research and development. 
The unique process used in the manufacture of this pipe 
produces concrete walls of unusual density and abrasion 
resistance, joint ends of almost machined precision and 
a joint design giving the ultimate in infiltration protec- 
tion, and flexibility. Produced in standard 8’ lengths, it 
ranges in diameter from 12” to 72”. 


Lock Joint also produces machine made and cast pipe 
ranging in diameter from 6” to 120”, and even larger if 
required. All pipe may be designed to comply with 
A.S.T.M., State Highway or individual specifications. 
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min 2 East Orange, New Jersey 


Pressure « Water « Sewer * REINFORCED CONCRETE PIPE « Culvert » Subaqueous 
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Delivery of Havana Sewer Pipe 1907 
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COMPOUND-LOOP CONTROL 


With automation by Wallace & Tiernan your chlorination system con- 
trols itself... needs almost no attention. With Compound-loop Control, 
the residual you select is maintained. no matter how much water flow 
or chlorine demand changes. You're always sure of water quality. 

W&T Compound-loop Control means true process control. Because it 
analyzes the end result and feeds back information which monitors your 
chlorinator, Compound-loop Control successfully achieves a closed-loop 
system. This means an operating range of greater than 100 to 1, plus 
round-the-clock supervision without extra labor. 

And you can control free or total residual... use electric. pneumatic, 
or variable vacuum signals. W&T Compound-loop Control can be tailored 
to the physical layout of your system. your flow-metering equip- 
ment, your plant hydraulics. You build or convert to automa- 
tion with maximum convenience, minimum expense. 


For more information, write Dept. S-141.8% 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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